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PRESENTATION OF NOBLE PACE PLAQUE
S . R. Evans

l/

The Mississippi Seed Association has honored me in asking that I
present this plaque to the university in memory of a dear friend , the late
Noble Pace .
As I recall, this laboratory was the first seed technology laboratory
established in the United States , and credit for its establishment may
justifiably be r,jven to Mr . Pace ,
Noble Pace was born and reared in Pace , Bolivar County , Mississippi.
He was graduated from this university , then A . & M. College in 1918.
He was married to Etta Eckles of Cleveland . To them was born one child,
Noble Pace, Jr., who how lives in New Orleans, and is the father of
one son.
Jewell, a brother , still lives in the old home at Pace, and his poor
h ea lth prevents his being here today . The younger brother , Courtney,
is, of course, the valued administrative assistant to Mississippi ' s
Senior Senator, the Honorable Jim Eastland o
Only last fall, Courtney and the Senator' s office rendered great
assistance in passing the "Variety Protection Bill" sponsored by the
National Seed Dealers Association. Courtney relates that at least. half
of the committee representing the seed industry remember ed with great
warmth his brother Noble And so , Noble Pace ' s influence in the seed
business is still alive in the legislative halls of the nation ' s capitoL
0

1

During the depression yea r s Noble mad e many trips t o Washington
in a succes sful e ffort to make the old " farm and seed loan program" meet
the needs of the small farmers . After the great flood of 192 7 he work ed
closely with the red c r oss in supplying s eed to the stricken area of his
own Mississippi Delta . He served as President of the Mississippi
Seed Association and of the Sou t hern Seed Ass ociation .
1

I could go on with the many innovative ideas spon s ored by Nobl e
Pace in assisting farmers and seed dealer s . But , we must confine our
remark s to this laboratory , w hi ch , in reality 1 was sired and n urtured
by our friend,

Ll Mr . Evans is a Seedsme n - Own er of Farm ers Feed Mill , Greenwood,
Mississippi , a nd was S ecretary- Treasurer of the Mis s issippi
Seeds mens ' Assn . from its c onception thro ugh 1970
1

0
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The presentation of a plaque commemorating Noble Pace's contribution
to the establishment of the Seed Technology Laboratory opened the 20th
Annual Short Course for Seedsmen. This plaque was presented by
Mr. S. R. "Doc" Evans (r) on behalf of the Mississippi Seedsmen' s
Association; Lee Ulrich (1) 1971 President. Acceptin g for MSU is
Dr. Louis N. Wise, Vice President for Agriculture and Forestry and
former Director of the Seed Technology La boratory.
(Photo courtesy- Mississippi Agricultural Extension Service)
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Of course, there were many others who had a major or minor part in
laboratory's birth and maturing. Among the group were:
1. Lane Wilson, Shreveport, Louisiana, Executive Vice President of the
Southern Seeds men's Associati on .
2. Mr. Ed Hicks of the Firm of Dobson- Hicks Seed Company of Nashville,
Tennessee.
3. Probably the most productive assistance came .from Dr. Frank J. Welch,
a former Dean of Agriculture at Mississippi State University. Frank
· served in the U.S . Department of Agriculture~ While in this capacity
during the interim between Mississippi State and a move to Kentucky,
Frank was able to funnel certain federal funds into the young project.
After moving to Kentucky, Frank was instrumental in involving
Kentucky and other states in the formation of the Seed Laboratory
here at Mississippi State .

th~

Aside from its outstanding contribution to research and technological
advancement, this "regional" seed laboratory has been an attractive
training ground for people from most every state and many foreign students
here at Mississippi State University.
·, When the laboratory became operative twenty years ago, its first
director was none other than our university President of today, Dr.
William L. Giles.
As Dr . Giles moved up to be superintendent of the Delta Branch
Experiment Station, the second director was Dr. Louis N. Wise, now
Vice President for Agriculture and Forestry.
Dr . Wise was followed by Dr. H. D. Bunch,. who has traveled all
over the world , involving M.S.U. in many phases of agriculture. He
works in close cooperation with the State Department and U . S. Department
of Agriculture . Dr. Bunch was succeeded by the present director,
Dr . James C. Delouche , whom all of you know and r·espect .
While Mississippi State has provided t he housing , the facility
has always been and :is a r egional laboratory . The state of Mississippi
has furnished a minimum of fina ncial s u pport other than the building.
To us "old timers" , this textile building has never been an adequate
home for this nationally and internationally feknQwed See·d Te~chnot<?gyLab.
Therefore, w e pla ce this No ble Pace Plaque here now, but for a day.
Tomorrow, the plaque wi ll be re moved andre-hung in a new $500,000
Seed Laboratory made pos sible by the recent appropriation of the 1971
Legislature .
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Noble Pace's vision has possibly exceeded even his dream. This
first Regional Seed Laboratory in America has bred other laboratories • .
Noble lived to see his dream become an international institution.
Hundreds of seedsmen trainees from many states and foreign countries
have come here for research, education and training.
This international attraction has been of inestimable value to the
State Department and U.S. Department of Agriculture in building good
will for the United States throughout the world - and the end is not yet.
And so, it is with great pride that I present this plaque honoring
our friend and fellow s eedsman to you, Dr. Wise, on behalf of the
Mississippi Seed Association.
May all who pass this way be reminded that a true nobleman,
Noble Pace, has made life better for millions now living, and multiplied
millions yet unborn.

CHANGING PATTERNS IN THE SEED INDUSTRY
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Foil W. McLaughlin 11
My assigned topic presents an enormous challenge and at the
same time makes me feel humble in attempting to justly cover such a
. broad assignment. _
Perhaps I should define the term, "seed industry." For purposes
of this talk, I am thinking of the seed industry in its entirety to include
all segments from the plant breeder to the consumer. For a better term,
I will refer to this total industry as involved in the "seed chain". Who
makes up the "seed chain"? Actually, all those involved in varietal
development, seed growing and processing, selling and buying seed. In
other words, the plant breeder, seed stocks organizations, seed growers,
wholesale-retail seedsmen, the farmer and lastly, the consumer.
Now, let's take a look at some of the changes that have come
about in this "seed chain" since the Seed Technology Laboratory here at
Mississippi State University was established in 1950. Certainly after 20
years many changes have taken place all around us. In fact, change
seems to be in vogue and certainly, I believe, we will all agree that unless we do change, we are rapidly left by the wayside. This is very true
for the United States' total seed industry.
I have heard some of the leaders of our agricultural industry say
that more important developments re ve taken place in agriculture in the
past 20 to 30 years ,than had happened in all the history of its existance
prior to that time. This certainly is true of the seed industry.
Consumer
Perhaps a good place to start in analyzing the "seed chain" would
be with the consumer - people like you and me - who depend upon agricultural products for the food and fiber w e use every day.
Research and application of technology to agriculture have, in
recent years , given us the potential to emerge from a long epoch in which
most of our energies were .utilized to produce food. Instead of the man on
the land produ c ing just e nough food and fiber to provide a subsistence
living for hims e lf and his imm ediate family, in the United States he
supplies these needs for an ever increasing number of people. So that
now the percentage of people r e quired to produce our food and fiber
needs is less than 5% . This means that 95 % of our population is free to
work in non-farm o c cupations.

11 Mr. McLaughlin is Di rector of the North Carolina Crop Improvement
Association , Ral e i g h, N. C .
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An increasing awareness exists today regarding the need to expand
food production to meet current and anticipated increases in population.
A part of this future need for greater food supplies can be met by utilizing
more fully, the existing potential for crop production. Although this may
be uniquely true in this country, for the world as a whole, the present land
resources at today's levels of food production may not be adequate to meet
anticipated needs.
Farmer
This then leads me to the next link in the "seed chain" - the
farmer. Previous experience has clearly shown that the most effective
way to expand crop production is through the development of improved
crop varieties. Genotypes capable of matching the needs for higher
production characteristic of today's farming operations are surely
different from those acceptable 20 years ago. Production goals, for
example, are much higher, necessitated by increased production costs.
Farmers have proven their efficiency. Output per man in agriculture
has increased some 300% over the last 20 years. Compare that with
other indus try which has shown about a 50% increase in production per
rna n during a similar period.
As for the farmer in the "seed chain" - he has certainly changed.
Twenty years ago he usually saved his own seed or went to his neighbor
for his needs. Oh, perhaps he picked up seed of a new variety from
the seedsman, but purchasing seed regularly was felt unnecessary.
Needless to say seed quality was not a major concern.
The time is past when farmers can plant seed and get by with onefourth of them germinating and growing. Such plantings do not fit the
highly mechanized farming of today. As machines take over and farming
operations get larger, growers must use precision planting to sow to
a stand for a set number of plants per acre.
Today, of course, farmers are demanding good quality seed and
are buying it from seeds men. Regula tory officials have been extremely
practical in their concern for fairness to seedsmen and necessary disclosure of pertinent information to the buyer. As such, the seed control
officialp are an important link in the "seed chain".
Agricultural production will continue to grow. The average
United States farm size in 1971 is estimated at 389 acres, · up slightly
from last year and substantially above the 306 acre average for just
10 years ago. I think the family farm will be maintained, however.
To be sure we will sre a lot of farms that will be incorporated.
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But these corporate giants will not take over farming as some fear.
I see more "commerical farms" operated under good managementmen with advanced technical information- not only being familiar with
the latest production skills but having a knowledge of cost accounting,
enterprise analysis budgeting, marketing, etc. Such a fanner will
demand quality when purchasing products such as seed; he will want
technical assistanc.e in using products and above all
he will want
to talk to people who know what they are talking about: These are
the people who will be buying and planting most of our seed products.
1

1

Yes we will have changes in farming - it will become more
industrialized with larger sized farming units involved in production
and marketing of agricultural commodities. This is inevitable and the
seed industry must adjust to it.
1

Wholesale - Retail Seedsmen
Then what is the role of the wholesale and retail seedsman in
the "seed chain"? Needless to say it is an important one and one that
has also been subjected to change.
I

The seedsman will no longer be able to set up his business
stock it with merchandise and then sit back and wait for the farmer to
come in and buy it. Oh yes we will continue to have family owned
businesses at the grass roots level of distribution. Perhaps change
at this level will not be as great as we will see in production and research.
I think that many of us have seen the large corporations try the distribution of seed at the local level and in many cases have givm up.
1

1

But seedsmen have changed over the years - from a strictly selling
of merchandise, which is still the number one b usiness to include a
selling of service. Certainly the merchandis e has chang ed- demand
for hi g h quality seed has increased, larger vol umes of seed are being
purchased throu gh normal seed channels. But it is in the service area
that great changes have come abo ut. The farmer now expects his supplier
to not only b e pre pared to s e ll but to servic e . A farm supply dealer's
failur e can be predicted if he is unable or unwilling to become involved in
keepin g up-to-date in th e e v e r increasing t ec hnolo gi cal advances in
production.
I

Someone pa raphras ed one of the laws of thermodynamics to simply
state, "you can't push on som ething that's g oin g faster than you are."
With the rapid growt h in si ze a nd technical needs of man y farm ers , this
same law can apply to a nyon e in a gri- b usin e ss who wants t o sell and
s e rvic e customers in the farming ind ustry today. You must kee p up!
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What about the future for seedsmen - the merchandisers?
Certainly the small seed businesses will continue to carry on- especially
at the distribution level. Bi g companies may supply these small businesses
and will depend upon them heavily as an outlet for their products (seed).
The seller of seed will have to major in quality. This will be one of the
most important demands of today's and tomorrow's modern farmer. Seed .
dealers will have to supply seed to grow crops with built-in speCifications to be used for a specific purpose.
Knowledge is important. Remember that our commercial farmers are
interested in talking to people who know what they are talking about- so
the s eedsman of the future will be very knowledgeable about the products
he sells. The seedsman will have to keep up with the farm problems in
his area. He should remember that farmers are disappearing at a fast
rate meaning that the total seed market is being concentrated into a
smaller group; and, more importantly it means that there are more people
working on each individual farming customer to get his business. This
means that many seedsmen will have to change their approach to sellirg
and use a coordinated marketing program which must include service.
These fewer :customers will expect service from the dealer who sells
t hem seed. Remember any product includi ng seed is worth more to
the customer if we help him get more out of it.
I

1

1

I

If there is a crisis today in the retail farm supply business it. lies
in the unwilling ness to chang e from yesterday - the opportunity does
exist in meeting the chall e ng e of a changin g farming ind ustry. So as
someone onc e sa i d "sell a good product, work like the devil and don't
try to kid anybody."
I

Varietal Development
Vari e tal d evelopm e nt or plant breeding on an applied basis plays
an importa nt rol e in the total seed industry and the "s eed chain". There
can be little question concerning the important role of plant breeding in
the years ahead, just as there has been in the past.
Great str ides have b een made in plant breedin g and development.
\life have s een the knack of putting new producing c apa bilities into various
c rops so t ha t they ha v e gr eat e r drou g ht resistance ; gr eat e r ability to r e spond 1D fertilizer; more resistance to insects and diseases; more uniformity
in plant growth and resulting crop; more uniformity in quality of the crop
as well as improv e d quality and many other things that are too numerous
to menti on. It is th e se i mprov e ments tha t have ass i sted t he farme r i n
kee pi n g u p w it h th e c ost-pri c e squeeze as w e ll as provi din g th e c onsumer
w it h t he a gri c ultural prod uc t s demanded and in t he q ua ntitie s n eeded. For
example the Delta Bra'nch Experiment Station here in Miss is sippi recently
evaluated 13 o b solete cotton varieties and three current c o mmercial varieties.
I
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After two years of testing, it was determined that the current varieties
had a yield advantage (about 100 lbs/a .) and the fiber properties were
better than most of the older varieties.
The history of organized plant breeding in this country has provided
important guidelines for the future. In ti'E earlier years, and to a lesser
extent today, Experiment Station funds were clearly directed at support
of plant breeding at public institutions. This was essential. Certainly
the farmer could not develop improved varieties and private research
in plant breeding was relatively unknown.
The emergence of private enterprise in varietal development
created new opportunities for extending the total investment in research.
And, of course, created new problems centered around the roles that
Experiment Stations might adopt to most effectively use its total
facilities in serving the agricultural economy. The need for reevaluation was realized as more resources were invested by the
commercial companies interested in research. Shifts were made and are
continuing to be accomplished.
There can be little question but that the trends which have so
clearly emerged in the last 20 years or so probably will continue to
move forward at an accelerated rate. Food needs become more pressing
and opportunities to utilize new technologies in plant breeding give
increased incentives for private investments in research.
Th~ State Experiment Stations and USDA have traditionally taken
the leaders hip in research to develop varieties of field crops. As the
development of varieties in a specific crop become of such scope to
justify the involvement, gradually such has been taken over by private
enterprise. The public agencies then generally adjusted their role and
responsibility to deal with plant breeding research on methodologies,
breeding behavior in greater depth, etc. Along with these changes in
programs, the Agriculture Colleges continued to provide the academic
training base for those who would pursue this particular scientific field
as private breeders. A good ill u s tration of this gradual transition, of
course, i's illustrated b y what has taken place in the area of hybrid
corn and sorghum.

As for the future role of plant breeding - this is easy to prophesy.
It will be very important to have a strong complimentary public and

private plant bre e din g res earc h program if the seed industry is to survive.
In spite of the know led g e alread y accumulated, there is still a vast
unknown field to explore relative to an understandin g of the breedin g
behavior of most crops . It will take the team effort of the public
plant breeders workin g in their research laboratories to better understand the breeding be havi or along with the effort of the private breeders
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who will synthesize and multiply new products to better meet the demand
of future agricultural needs. Thus public plant breeders will still be
needed.
No doubt the public research will be more oriented toward
development of germ plasm. Plant breeders for example will increasingly
need to consider genetic factors for high germination and vigor in their
developmental work. Basic research will need to be increased in seed
physiology which will help determine how to easily and consistently
identify high vigor and then preserve it. Breakthroughs like male
sterility in soybeans recently announced in North Carolina the development of new crops like Triticale are just examples of things to come.
And the need for varietal development research by public agencies will
vary with the crop involved- depending upon the ability of commercial
research to meet the varietal demands of the agricultural industry.
1

1

1

Certainly the public agencies will continue to make their greatest
impact on plant breeding through the education and training they give
prospective plant breeders.
For the future then I see public research s hitting more toward
basic research and the larger companies gradually taking over much of
the varietal development work. The rapidity with which this comes
about will depend upon the economic demand for improved varieties
within a particular crop.
1

Seed Growers
The role of the seed grower cannot be over emphasized. Obviously
the seed grower is an important link in the "seed chain". Many changes
have come about in this area of the seed industry.
Some years ago the seed grower basically consisted of a farmer
who saved some of his crop and t urned it into seed by passing it through
some type of fan mill or seed cleaner. It would be this , "seed" that he
not only planted his crop with but also supplied his neighbors. This
expanded and was more "modernized" as seed certification came into
being providing a service by supervising this farmer-turned-seed
grower and helping him produce seed of known quality.
As you know , the basic concept of seed certification is a system
whereby the proper stock seed is identified and used; the increase is
carried on through a limited number of generations; every effort is made
to keep contaminants to a minimum; special concern is given to harvesting and processin g and subsequently the production meeting minimum
standards is labeled by the seed certifying agency. Thus seed certification has become a technology by which qualified and knowledgeable
I
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seed production experts protect the investment of many thousands of
dollars in development of a variety. The variety is of no value to
commerce until seed of it has been produced through a combination of
services rendered by professionals, followed by an education of
producers and users of the benefit derived from using genetically
pure seed.
What abo ut the future role of the seed grower in the "seed chain".
He will continue to be an important link. Perhaps his production will
be slightly reoriented. There will, however, continue to be several
options available to the grower, some of which will be contract
production for a larger seed company, operating as an associate grower,
growing seed under a royalty arrangement or perhaps larger growers
joining together and developing a cooperative breeding program in turn
growing and merchandising their own varieties.
Seed Certification
The role of seed certification to the "seed chain" is an important
one. To keep up, however, it has been necessary that changes be
made just as changes have come about in all of the seed industry. In
other words, seed certification had to be modernized. Leaders hip
in this was through the Association of Official Seed Certifying Agencies
(AOSCA). As the name implies, the Association of Official Seed
Certifying Agencies is an organization of certifying agencies. The
Association was organized in 1919 and is currently composed of 45
member agencies whose members are responsible for seed certification
in their respective areas.
The primary purpose of AOSCA is to establish minimum seed
certification standards for the production of certified seed. Suffice
it to say now that AOSCA works closely with all interested segments of
the seed trade, agricultural research and extension, and seed regulatory
agencies.
Although its principle purpose is to establish and maintain minimum
certification standards, the Association encourages uniform adoption and
application of these standards by member agencies. This had to be done
on a volunteer basis, and needless to say, some agencies did not comply
with these minimum requirements. The result over the years was a lack
of uniformity among states in the production and marketing requirements
for certified seed. And un d er the then existing State and Federal laws,
nothing could be done to correct this situation. For example, the
Federal Seed Act defined a "seed certifying agency" as meaning "an
agency authorized under the laws of a State, Territory or Possession,
to officially certify seed .... ". Further the Act required that certified
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seed moving interstate need only to. conform to the standards set forth
by the agency doing the certifying. Tha-t is certified seed had to meet
the requirements of the individual stat~ agency arid this could be any
criteria for certification which they wished to establish.
I

Various state certifying agencies required that different procedures
be followed and different standards be met before seed could be certified
.and sold. As you can imagine this resulted in much difficulty for
seedsmen producing and handling certified seed across state lines.
Consider for a moment a single seedsman producing and merchandising
certified seed in two or more states each having a different set of
requirements. Under these conditions the same seed produced processed
and lal;:>eled in one state may not have been eligible for certification in
the adjoining state. You can surmise the difficulties that could and did
arise.
1

I

Think with me for a moment from the viewpoint of the user of
Certified Seed. His problem was similar. Certified seed produced in
one state may not have met the same high genetic purity and quality
standards as certified seed from another. This presented no particular
problem for the certified seed producer as the seed he grew would be
recognized as certified in any state as long as it was labeled by an
officially recognized certifying agency. However our major concern had
to be with the consumer who buys the certified seed grown in several
states only to find major differences in the seed quality. This then put
a burden on the farmer to decide among the various states' certified
seed which met the standards of genetic purity which he wished to plant.
I

The concern was therefore manyfold. It was with purchasing
public relations and, in fact, the ina ge of certified seed. Something
had to be done that would result in more uniformity with certified se ed .
Seedsme n were a skin g that w e mak e it possib le for them to produce ·
and me rchandis e certifi ed s eed more easily among different states .
Customers were demandi n g tha t s eed labeled with the Blue Tag meet
certain sp ec ifi ed approv ed standards re.gardless of ti"E state of origin.
We cou ld not expect the farm er , or the s eedsman for that matt er , to be
familiar with the diffe r e nt sta ndards of genetic purity r eq uired by each
certifying a gency.
1

I

I

The AOSCA, confronted w ith these prob lems knew that something
had to be done but c hang e com e s slow as all of you k now. They realized
that the seed indu stry, a s we ll as a griculture in general, was changing.
S eed c ertificatio n was becoming big b usin es s and " c omm ercia 111 farmers
w ere d e mandillJ top q uali ty s eed.
I
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In 1967 the AOSCA Board of Directors authorized its Executive
Committee to initiate a study with the view of re-organizing seed
certification at the national level. I had the privilege of serving as
Chairman of a Study Committee and after many meetings and long debates,
it was recommended that (l) we proceed toward obtaining legal recognition
for seed certification through an amendment to the Federal Seed Act and
Regulations, (2) the name of the organization be changed to the Association
of Official Seed Certifying Agencies (formerly International Crop Improvement Association) and (3) the by-laws as well as seed certification standards be reviewed and revised where necessary. I am pleased to say
that these recommendations were accepted.
The basic purpose for proposing an Amendment to the Federal
Seed Act was to provide for complete uniformity among states in regards
to the minimum genetic purity standards for the certification of seed.
To do this we asked that "seed certifying agency" and "certified seed"
be re-defined under the Act.
The proposed legislature therefore, would ( 1) give a more definite
meaning to the term, "Certified Seed" and (2) authorize the U.S.
Secretary of Agriculture to approve standards and procedures for seed
certification. The amendment to the Federal Seed Act, in part, is as
follows: 11 The term, 'seed certifying agency' means (A) an agency
authorized under the laws of a State, Territory or Possession, to
officially certify seed and which has standards and procedures approved
by the Secretary (after due notice, hearings, and full consideration of
the views of farmer users of certified seed and other interested parties)
to assure the genetic purity and identity of the seed certified . . . ".
This Amendment passed and was signed into law by the President on
October 17, 1969.
It is my understanding that the intent of this Amendment will

authorize the Secretary of Agriculture to approve the standards and
procedures recommended by the AOSCA. These minimum requirements
would have to be met by individual seed certifying agencies certifying
seed moving interstate. Needless to say, this procedure should result
in uniform standards and procedures used in certifying seed by the
various official agencies. We hope this is the case. We know that it
i s needed.
Another change recently made by AOSCA involves a Certification
Advisory Committ ee composed of representatives from the American and
Canadian Seed Trade Associations; persons representing research in
State Experiment Stations as well as USDA and Canada; both Canadian
and United States Regula tory people; National Council of Commercial
Plant Breeders and S eed Certification. This committee .will advise the
AOSCA on matters conc ern ing minimum genetic certification standards
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as well as other items that may be referred to it for a recommendation.
This will provide a good liaison between the various segments of the
seed industry and seed certification.
For seed certification, I see a continuing important role for it to
play in the seed industry. Not only to continue to provide the service
of certifying seed (almost three million acres last year in the United
States and Canada) but an additional role in providing variety protection under the Plant Variety Protection Act. Seed certification will
continue its limited generation program developed during the last few
years and maintain uniform genetic standards. In the near future,
seed certification will be involved in "genetic purity only" certification
for certain crops. That is, the certifying agency will certify to the
variety purity based on uniform standards and leave the seed quality
standard to be established by the seedsmen who will be "contract
producing" most seeds.
The Organization for Economic Cooperation and Development(OECD)
has developed schemes for the certification of certain crops. The United
States is a member and as such has grown and shipped millions of pounds
of forage seed under this certification program. The exporting of seed
under the OECD label will continue to expand as new schemes for
vegetables, cereal crops and sugar beets are put into operation. Seedsmen can look forward to taking increased advantage of this market.
The Certification Advisory Committee of AOSCA will be the liaison
between the seedsmen, seed growers, certifying and regulatory agencies.
This role will increase as certification becomes an ever increasing part
of the seed industry.
Plant Variety Protection
Another legislative change has more recently been inacted. Public Law 91-577 provides the owner of a protected variety the right to
exclude others from selling the variety, offering it for sale, reproducing it, importing or exporting it, or using it commercially in producing
a different variety. Certain criteria of novelty, uniformity and stability
must be met and the variety must be new to qualify for protection. If
the owner so elects, the certificate of protection shall also specify that
in the United States, seed of the variety shall be sold by variety name
only as a class of certified seed and, if specified, shall also conform to the number of generations designated by the owner. The owner
of the protective right enforces protection through private litigation,
and infringement does not become a criminal offense. In the second
type of protection (through seed certification) regulatory control of protection is included as a part of the Federal Seed Act which covers inter-
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·state commerce· of" seed . If uncertified· seed of a protected variety labeled
by a variety name enters interstate commerce, it is subject to seizure and
the shipper is subject to criminal prosecution by a federal agency.
Both types of protection provide the owner of the protected
variety with a means for licensing use of the variety and for recovering
payments in return for its use. Protection may be obtained by private
individuals, corporations of various sorts or by public agencies who
might develop varieties.
There are numerous other provisions of the Plant Variety Protection
Act that are important but time will not permit me to detail its operation
further.
Needless to say, probably the greatest impact on the total seed
indus try of the future will be made by the Plant Variety Protection Program.
Plant breeding, seed production, seed certificat ion, foundation seed
organizations, farmers and yes, the consumer will be affected.
For the consumer, he can expect continued supply of the food and
fiber in ever increasing quantities at relatively lpw prices. The quality
will continue to improve as better varieties are developed. The same ·
will be true for the farmer. He can expect specialized plant breecli'ngresulting in varieties for specific needs with ever increasing performance
efficiency.
No doubt, in the future, plant · breeding or varietal development
will be greatly influenced by the Plant Variety Protection Act. As the
main purpose of the Act states in part, it is: "to encourage the development of novel varieties of sexually reproduced plants and to make them
available to the pub lic . . . 11 • This will be done by the overall industry
research program b ein g vastly expanded. No doubt we can look forward
to substantial enlargement of present industry plant breeding programs
and to the entry of pri vate br eeders in to breeding programs on crops
heretofore considered unattractive because of lack of any control over the
use of their development. There wi ll be an increase in the number of firms
or groups of firms into breeding e fforts.
As for the impact of the protec.tion program ori. public plant breeding,
no doubt some a gencies will look upon the progr.am as a means of increased
research funds by protec tio n o f re leased varieties and collecting royalties
for their use. No t all Experi ment Stations are expected to protect varieties
and capta lize on t he m. Furt h ermore, I would guess that those that do,
probably would be s'omew ha t selective as to crops and varieties that would
be so released.
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I think that we will see plant breeders concerning themselves
with differences which exist with their variety so that they can more
accurately describe their product. The plant breeder must accept
this responsibility which has always been his but one in which he has
not necessarily done the best job in describing his variety. This
cannot be properly done by laymen.
The varietal description supplied by the plant breeder for
varieties to be protected are to be computerized. That is, in sense the
description a long with the deposited seed of the protected variety will
be a germ plasm bank readily accessable through the computer. This
will mean that in the future, we may know what we have available to
work with from a breeding standpoint. In other words, eventually as
most varieties are protected, we will have catalogued most all usable
germ plasm and will know where to find it.
The Plant Variety Protection Act will have its impact for change
in the additional roles of seed certifying agencies and foundation seed
stock organizations.
No doubt foundation seed organizations may find themselves, in
addition to being an arm of the Experiment Station in increasing their
varietal releases, also being an agent in helping the stations protect
and capitalize financially on such releases. Foundation seed
organizations already have the mechanism for providing foundation
seed to seedsmen and certified seed growers under an agreement specifying a royalty return to the organization based on amount of seed sold.
This does not preclude the possibility that some Experiment Stations
might find it profitable in some cases to effect exclusive releases to
one or perhaps two seed companies.
In short, as appropriated funds for plant breeding research
becomes severely limited, some state Experiment Stations may be forced
into adopting a policy of protecting products of their programs in order
to finance such research as well as support basic research. Such
fundamental research must be continued. It is simply beyond the
capabilities of private research and can only be done by public agencies.
With this in mind it is imperative that the total seed industry continue
to support through public agencies, such basic research.
Conclusion
In conclusion, I see a new dynamic seed industry. One geared
to provide the consumer with his every increasin g demand for quality
food and fiber. As we strive to keep every link in the "seed chain"
strong and moving forward as change dictates, let us not forge t the
consumer. The seed industry is fundamental to the total a gri-business
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community. I have confidence in this indus try - it has had a good 2 0
years and I am sure of its future.
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THE FARMER'S CHANGING SEED NEEDS
Thomas A. Burch..!/

The purpose of this discussion is two-fold; first, we want to
examine how the farmer's seed needs have changed during the last
twenty years along with some of the factors which have made change
necessary; and second 1 we want to identify what the far!J1er' s seed needs
will be within the next 5 to 10 years in anticipation of changes the seed
industry will need to consider in order for the industry to keep pace with
needs of tomorrow.
Twenty Years Ago:
For a few minutes let's turn our thoughts back to about 195 0. At
that time, , a serious attempt .a t putting man into outer space and
eventually on the moon was some 10 or 12 years away. There were ·very
few cars with automatic transmis.sions and practically no color TV sets.
Air conditio ning was a luxury that was enjoyed in only a very few home's .
or office s. · Very few if any of us had ever heard of Viet Nam, Flip
Wilson, Zsa Zsa Gabor and "Curt" Delouche. Hippies hadn't been
invented !
Think of agriculture for a mome nt. In 1950, the Seed Technology Laboratory a t Mississippi State Universit y w as little more than an idea in
the minds of Dr . W. L. Giles and Dr. L. N. Wise, then a gronomists,
and now President and Vic::e P-resident respectively of Mississippi State.
University. In row crop fields 1 the sight of large· groups of hoe hands
was common. Exce pt for 2, 4- D, herbicides a s we know them today were
practically non-existent. S yste mic insecticides and some of the fungicides used as seed or soil trea.tments we re not i n existence. -Almost all
of the cotton crop was picked by hand a s there were very few mechanical
pickers, According to a Lo1,1isiana publ~cation, 125 man hours were
required to produce and harvest an acre of cotton with two-row tractor ·,
power ; 145 hours per acre were re quired with mule power. Today less
than ten man hours are needed to prod uce and harves t the same acre.
Similar comparisons coul d be made with o the r crops.

· ..!/Dr. Burch is ,Extension Agronomist, Louis i ana State Universit y ,
Baton Rouge 1 Louisiana:.
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Agricultural technology has changed drastically during the last
2 0 years. In many crops production patterns have shifted from those
which involve large amounts of hand labor to those that are completely
or almost completely mechanized. Equipment has become larger and
more sophisticated and is depended upon on to perform more functions
today than ever before. In many instances plants and/or plant parts
can be harvested and handled in such a manner as to inflict mechanical
injury. Where planting seed is involved this can result in lower
quality seed if careful supervision is not maintained.
I

1

I

Herbicides insecticides fungicides and nematocides many of
which were unheard of twenty years aog a're in universal use on farms
in the U. S. toda y . Because of the scarcity and high cost of labor 1
farmers generally are interested in any practice that will require less
labor yet maintain or increase yields.
I

1

1

I

I

Some of these practices have put extra value on the importance
of using good seed. For example twenty years ago it was a common
practice for cotton producers to drill 4 0 or more pounds of seed per acre
when planting their crop. The objective was to obtain a solid row of
young plants. The hoe labor that was required for grass and weed control
in the drill could also thin the cotton to a desirable stand. As long as
this planting system was followed it made little difference whether the
seed was of the highest qualit y for many times the amount needed to
obtain an acceptable stand was used any wa y.
I

I

I

1

In the early to mid-'fifties herbicides became available which
offered great promise for weed control and at lower costs than hoeing.
Producers began thinking of the possibility of not hoeing their cotton at
all. Such a move, however, would necessitate a change i n planting
methods so an acceptable number of plants could be obtained per acre
without thinning. Thus the practice of dropping seed in hills began.
This put an added measure of importance on the quality of seed the
farmer used. Since he would not be thinning his cotton, it became
more important than ever that he have access to good seed so he could
obtain a desirable stand from a much smaller quantity of see d per acre .
I

1

Changes in technology within the past 2 0 years have brought about
new me thods of pest control, particula rly for weeds, insects a nd diseases.
In some crops the practice of applying one or more materials to the seed
for pest control has become common. This is fortunate i n s om e respects,
but it can be detrimental under certain conditions. From the farmer's
standpoint, the use of seed trea,t ments is a c onvenient method for a ppl ying
pesticides. It also assures fairly even d istribution of the pe s ticide (s)
in the fie ld. However application of some of th e t reatm ents to c e rtain
seed lots can result in injury, thus lessening the chances of ob taining a
satisfactory stand.
1

1
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Again, using c:otton as an example, three mq,terials are commonly
applied to many of the planting seed .. These include a fungicide to
control disease organisms in or on the seed itself, another fungicide to ·
help control soil-borne fungi that c.ause seedling diseases, · and a systemic
insecticide tor early season insect control.
In additiqn to these treatments the seed are pla,nted in a seedbed
that has been treated witn one qnd, in many instances, two pre emergence
herbicides that may be detrimental to stand establishment under certain
conditions--especially those involving high rainfall and/or low soil
temperatures. Fertilizer, usually at high rates, has also been applied
to the seedbed in which thes_e seed are pl9ced and it can injure germination and emergence when placed too close to the seed. Any one of
these individual treatments may not injure seed; but with the possible
additive effects of injury from 2 or more treatments there is more likelh
hood of seed injury. Similar-tr~atments and conditions could also be
outlined with other crops.
The chances of injury to the seed from treatments applied either
on the seed or in the soil are less if the seed are high in vigor .and if
th e seed coat has not been mechanically injured. As long as each treatment is applied to high q~ality seed at the proper rate and in_the co_rrect
manner, seed quality is usually not a,ffec:ted significantly . . I:Iowever 1 . ·
i nj ury to stand establishment can be experienced when seed of lower
quality, either lower in vigor or mechanically damaged or both, are used.
Unfortunately, many seed that fit in this category find their way through
seed treatment machines and into the trade.
Seed quality has changed during the last twenty years. In some '
crops this change ha _s been for the better. Corn seed generall y has
improved. An acceptable vigor test for corn ha s c ome into wide use and
give s a b e tter picture of the tr'u e qualit y o f th e se e d. On t he other hand,
mechanization of the cottonseed industry ha s re sulted in del a yed harvesting,
increased weathering of seed in the field and more mecahnicq.l damage.
Thus, cottonseed quality has probably decLined rather than i mproved within
t he past 2 0 years. Soybean seed have changed little in quality within the
past 2 0 y e a rs with one possible excepti on. _ M uch emphasis has been placed
on caref ul harve sting and handling of soybean seed, and of harvesting at
t he c orrect moi sture a nd drying prop erly a fte r ha rvest. This ma y hav e
co ntributed to some slight improve me nt in t he quality of so ybean seed,
although the soybean is by no means witho ut its probl em s~

26
Genetic improvements have been made in most crops within the
last 2 0 years. Varietal purity has become more important as many crops
have come into more specialized production and use. Probably the most
reliable measure of such change from the standpoint of genetic purity
and laboratory standards is evident in the certified seed programs. With
this in mind current regulations and those in effect about 2 0 years ago
pertaining to certified seed production of some of the major crops in
several states were examined. While it is by no means a complete
comparison some of the areas in which changes in regulations have
occurred were found to be as follows:
1

I

LOUISIANA - SOYBEANS
Current

1947

Item
Moonflower
(Field)

Not
Mentioned

Moonflower
(Lab)

Not
Mentioned

1/ F = foundation;

R

R.

F.
None

3 Plants/

C

l 0 Plants/

Acre

Acre

0

0

0

= registered;

c.I/

= certified .

LOUISIANA - RICE
Current

c.

Item

1949

F.

Isolation

l 0'

l 0' to l/4 miles depending o n
adjacent crops and method of
seeding.

Red Rice (Fields)

up to 50 plants/
acre

0

up to l 0 plants/
acre

0

1 or 2/lb.

0

Other Noxiou s
weeds

R.

4 pla nts /

4 plants/

a cre

a c re
4 pla nts/

acre
0

4 pl ants/

acre
0
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·LOUISIANA- COTTONSEED
Current
R.

c.

Item

1949

F..

Off-type plants
/acre

up to 4%
(1 000/A)

0

1

5

Purity %

97-98

99

99

99 .

Not
Mentioned

0

1/2 lbs. 1/lb.

Cocklebur

:

L.OUISIANA - WHITE CLOVER

NORTH CAROLINA - SOYBEANS
Current ·
R.

c.

Item

1950

F ..

Combine & Seed
Cleaner Mfidavits
(New Growers}

No

Yes

Yes

Yes

Pu rit y%

97

98

98

98

3

2

2

2

Inert Matter %
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NORTH CAROLINA - COTTON

Item
Off-Type
Plants/Acre
Cocklebur
(Field)

1950
5

Not
Mentioned

F.

Current
R.

c.

0

1

5

0

0

0

Off-type
Staple

.5%

0

.o

0

Other Crop
Seed (Lab)

up to 3/lb.

0

0

0

Current
R.

c.

ALABAMA - PEANUTS

Item

1950

Farmer Seed(In Hull)
92-96
Pure Seed %
Germination %
(Hand Shelled) 70
Processed SE)ed
96
Pure Seed%
70-80
Germination %
(Machine Shelled)

F.

96

96

96

85

85

85

97
75

97
75

97
75

ALABAMA - SOYBEANS
Current
Item

1950

Pure Seed%

97

Moisture %

14

F.

12

R.

c.

98

98

12

12
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ALABAMA - COTTON

F.

Current
R.

up to 5
Other varieties
plants/acre (Field)

0

1

1

up to 3

0

0

0

0

0

.0

1950

Item
I

Other crops
seed/lb. (Lab)
I

Weed Seed

.C .~

1 c.ocklebur
per lb.

MISSISSIPPI - SOYBEANS
Current
Item

1951

F.

R.

c.

Other crop
plants (Field)

5-10

0

0

2

MISSISSIPPI - CRIMSON CLOVER
Current
Ite m

1951

Isolation

600-970'

Other Crops ,
Plants/Acre

upto100

F.

R.

,. 1320

660

600

permitted if se e d are separa ble

Pure Seed %

98·

98

98

MISSISSIPPI - C OTTON

Item

1951

F.

Current
R.

Other crop seed-.

u p to 3/lb.

0

0

0

0

0

0

Nox ious w eed seed
Cocklebur

0

Not mentioned

0

l /2 l b s.

c.

l/ 2 lbs.
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GEORGIA- CRIMSON CLOVER

1948

Item

Current
R.

F.

Isolation

330-990'

Objectionable
Weeds/lb.

up to 90

Noxious Weeds

Not mentioned

c.

1320

660

330

9

27

54

None

None

None

GEORGIA - PEANUTS
Current
R.

c.

Item

1948

Other varieties
(Field)

up to .5%

1 pl/A

2 pl/A

5 pl/A

Other varieties
(Lab)

up to . 5%

0

.2%

.2%

Germination %

80 (H)

H

= Hand

Shelled

F.

75 (P)

P

75

5

= Machine Processed

These changes reflect a general trend toward improvement in
genetic purity and laboratory standards. As would be expected, changes
were more numerous in some crops than in others. In all probability, crops
could also be found where no changes have occurred.
Of the changes in regulations which have occurred, two areas
stand out. One is the trend to place stricter limits on the number of
generations that can be produced from Breeder or Foundation seed. This
has shifted from almost unlimited generation increase in many states to
a strictly controlled program. Such a move provides better assurance of
varietal purity. The other area concerns contamination of crop seed with
noxious weed seed. Seed of some noxious weeds that once were permitted in the laboratory sample are now prohibited. In other instances,
the number permitted has been sharply reduced. While there may be room
for further improvement in regulations under which the various states
operate their certified seed programs, many improvements have been made
within the past 2 0 years and better quality seed are being made available
to producers as a result.
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A recent development in seed certification involves recognition
in the Federal Seed Act of the Foundation, Registered and Certified
classes of seed. As a result of this action, any agency certifying seed
in the future must adhere to the minimum standards of the Association of
Official Seed Certifying Agencies. In certai n instances this will result
in the production of certified seed of higher genetic purit y and improved
laboratory standards.
The number of acres certified by the various states is also of
interest. Generally, certified acreage has increased. However, decreases
can be noted in some instances where the number of acres of a particular
crop, such as cotton, has decreased. Acreage certified and percent of
crop planted with certified seed now and 2 0 years ago are shown for several
states in tables 1 and 2 for some of the major crops.
The Future:
Production technology will continue to undergo change. Where
possible, steps toward more complete mechanization involving less labor
input will be made. The use of herbicides, insecticides, fungicides and
nematocides will increase, federal regulations permitting. Equipment will
increase in size. In all probability the cost of producing and harvesting
crops will continue to rise. It will not be surprising if the cost of money
needed to produce a crop remains high.
Large increases in the price received for most crops do not seem
probable. The net result will be that producers will continue to be caught
in a cost-price squeeze.
A situation such as this makes it even more important that high
quality seed be made available to producers. They simply cannot afford
the luxury of replanting a large pe rcentage of their c rops because of low
quality seed.
It will become more and more importa nt for the producer to have a
dependable measure of the true quality of the s e ed he is planting. This can
only be done through the development and use of tests that give a realistic
measure of the inherent vigor of seed. It is strongly felt t hat the greatest
service the seed industry can provide for the producer within the next few
years will be to make available dependable vigor rating s ystem s for seed.
Specific tests will probably have to be developed for each major crop. As
good as it is and as much as it has been used, the sta ndard germination
test falls woefully short of giving a true indication of the emergence power
of seed.

Table 1. ACREAGE OF CERTAIN CROPS CERTIFIED IN 1950 & 1970 IN SEVERAL STATES.

w
N

Crop

Year
(Approximate)

Oklahoma

North
Carolina

Arkansas

Texas

Mississippi Louisiana

Cotton

1950
1970

8 '111
988

8,513
12,970

84, 770
31,401

182' 739
86,074

Soybeans

1950
1970

15
1,035

1,603
25,787

8,913
110,130

NONE
2,133

5,0 00
83, 000

702
59,952

Corn

1950
1970

2,149
40

5, 761
2,351

Rice

1950
1970

1,645
16,438

9,6 74
9,496

6,000

1,609
18,465

13 , 982
8 ,8 9 7

Table 2. ESTIMATES OF THE PERCENT OF CERTAIN CROPS PLANTED WITH CERTIFIED SEED.

Crop

Year

California

/Tennessee

Alfalfa

1950
1970

nil
50

Rice

1950
1970

25
90

Cotton

1950
1970

10
65

Corn

1950
1970

50
1

Soybeans

1950
1970

so

Small Grains

19 50
1970

30
65

Grasses

1950
1970

50
80

5

North Carolina

Mississippi

Louisiana

nil
75

5
75

35

45
85

40

20
50

25
60

nil
70

nil
75

w
w
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Dependable vigor rating tests, acceptable to the seed trade and
to producers, are not impossible to develop. The seed industry is behind
in this field. It's time to make a concerted effort to get such tests
developed and in UI:Se. In addition to being helpful to producers, vigor
tests would be of value to seedsmen in that they would provide assurance
of the quality of the seed being sold.
The develQpment and use of vigor tests might result in a different
pricing policy for seed of some of the major crops. It is probable that
because of additional processing and greater losses through grading it
would be necessary to sell seed known to be high in vigor at a higher
price than those exhibiting less vigor.
Some-- m~mbers of the seed trade have questioned whether producers
will pay extra f<;)r high quality seed~ \1\Thile they might resist paying
exorbitant prl,ces. there is every reason to believe that producers will
pay for highe:r quality seed if they can ,be sure they are getting such
quality. Exc·e pt in the case of corn, producers have not had a chance
to buy seed of ire major crops that" have been rated for vigor. Conversations with sev eral producers have indicated· their willingness to pay
for seed of known high vigor.
As more information is accumulated concerning the most ideal
plant populations for crops, precision planting will become more
.important. For prf,3c!s~o~ planUng to be most effective, seed size will
have to be d~fined withiz:t Closer limits. This is already being done
with corn. As planting patt~rns, row widths, etc. change (a current
example is the interest in narrow-row cotton production) precision
sizing of seed may increase in importance. Another possibility for
assisting with precision planting of some crops is the use of water
soluble tapes. Such a practice would insure precise spacing of seed.
It may have most application in the vegetable and flower seed areas,
however.
I

Research on selective treatment of seeds to control weed seed
that are mixed with cr9p seed is underway for certain weed-crop combinations. The objective is to apply an herbicide to seed which will result
in control of the seed upon germination 1 yet not harm the c rop seed.
Should this type of treatment prove effective and feasible, the seed
industry could render a further service to producers by developing a
means to apply it. Finally in this age of advancing technology and
specialization seedsmen and agricultural suppliers will profit by seeing
to it that their employees stay well informed. An informed employee can
render service to customers--whether it be by giving advipe on seed
quality 1 by adjusting a sprayer in the field I by helping supply the correct
fertilizer needs, or whatever; whereas uninformed employees cannot.
1
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Correspondence we received from one state contained the
following statement. "In our state there is grave concern over the
situation that allows inexperienced and untrained store helpers,
service station operators, etc., to dispense and sell seed under the
guise of an authoritative seed dealer." Such situations are not
beneficial to the seed industry or producers, and should be corrected.
The seed industry has changed significantly during the last
2 0 years. In some areas it has met the needs of producers. Work remains
to be done in others. In the future it will be necessary for this industry
to adapt to changes that occur in agriculture and to strive to provide
adequate supplies of seed of predictable quality for producers.
Ed. note: The author expressed appreciation to 19 contributors who
provided information for this talk.
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SEEDS - DEVELOPMENT , STRUCTURE AND FUNCTION
Howard C . Potts

ll

You depend upon seeds for your livelihood but what do you know
about this amazing product of nature? What is a s .e ed - this thing on
which we all depend so heavily'}
As you know we plant seeds grow seeds , harvest seeds dry seeds,
clean seeds , grade seeds 1 package seeds , store seeds 1 test seeds , and
hopefully s-ell seeds - yet most of us don't have the capability to sit
down and outline , even in simple botanical terms, the basic processes
and structures involved in the complete life cycle of a seed from flower
formation through germination . Let ' s face it , seeds are our baby . Why
this taboo on the sex life , structur e and function of seeds? We can no
longer blame Queen Victoria for our ignoranc e about sexual reproduction.
Surely every professional should k now and understand the product from
whic h he earns his living. Ho'w professional are yo u or how profess iona l
am I in this respect?
I

1

1

Somewhere in your educational car eer you have been told a bout the
birds , the bees and the flowers . The major portion of my discussion
w i ll deal with "the flowers".
There is a point in the life cycle of every plant when the balance
. of physiological processes shifts from v egetative growth to t h e dev el, opment of reproductive structures , It is at this point that seed development really begins . For the remaining period of the growth cycle , the
plant ' s entire physiological being is geared to developm e nt of the
r eproductive structur e which we call a seed .
Generally we do not concern our selves with this shift in growth
emphasis until we observe its vis i ble expression in the form of flowers ,
panicles , ear shoot s , etc . But morphological s tudies indicate that by
th e time these outward expressions of reproduction are observed the
plant has used approximately one ha lf of the total time that it will devote
t o re produc tion . Time w i se , then , we really get intere sted in this ballgame only after the fir st 4 l / 2 innings have already been played . Then
we jump and yell "send me in coach" or we decide to call the game
heca use of a dry field .
Fortunately for us , plants are not as "pes s imistic" as people . Except
in the most unus ua l circumstance , ev ery plant will produce at lease one
good seed or die trying . This basic drive for reproduction of the species
is appa rently much stronger in plants than in animals ,

1/ Dr . Potts is an Associate Agronomist of the Seed Technology Laboratory.
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As seedsmen we must always remember that the plant does not
produce seed for our use but to maintain itself. Have you observed
the fact that plants produce only the number of seed that can be
completely developed rather than producing a larger number of partially
developed seed? Maybe people are not as "smart" as plants!
Let us now turn our attention to the sequence of events that
naturally occur in the development of the seed, giving consideration
to the structure and function of the developed seed.
All seed producing plants have flowers! Some are pretty, some
ugly, some small, some large - they come in an endless variety of
colors, sizes, and shapes. There are "boy" flowers and "girl" flowers
but most flowers are hermorphidites - that is, the flower has both the
male and female reproductive organs in the same flower . Some weird
ancient botanist designated these as perfect flowers. Now, let's look
at a typical flower and delve into its sex life.
Plate l is a cut-away drawing of a typical flower and is labeled
with the scientific names of the various parts of a complete flower.
Technically all of the sepals together are called the calyx and all the
petals together are called the corolla. These structures have no
direct role in reproduction.
Of primary concern to us are the stamen, which is the male flower,
and the pistil, which is the female flower. You will note that the stamen
has two principal structures, the filament and the anther. The anther
is the "business end" of the stamen and the filament the stalk which
supports the anther . In each species it positions the anther to allow it
to most effectively perform its role of production and distribution of
the male sex cells which we call pollen. When the anther splits,
releasing the pollen , its role is completed . In most species there are
several hundred times as many pollen grains produced as there are
female flowers needing fertilization. Thus the male flower says "here
it is girls" and the "girls" may or may not be interested.
The pistil consists of three basic parts; the stigma, style and the
ovary, which may contain one or many ovules. The stigma may be
knobby, featherlike, or long and slender. Regardless of the shape it
is normally covered with a sticky stigmatic fluid which acts both as an
adhesive to hold the pollen grain and to supply moisture for the pollen
grain ' s germination. When pollen of one species lands on, the stigma
of another , it normally will not germinate, although ih closely related
species it may.
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The style performs two functions. First it is responsible for the
physical placement of the stigmatic surface in a predetermined position
which will increase the probability of the desired pollen landing on the
stigma. Second its internal cellular structure is such that it protects
and enhances the growth of the pollen tubes from desirable pollen and
discourages pollen tube growth of undesirable species.
The ovary is that part of the flower in which we have the greatest
interest because it is inside this structure that the seed or seeds develop.
The organ which gives rise to the seed is called an ovule and there may
from one to several thousand ovules inside an ovary, depending upon
the species. Corn, sorghum, lespedeza and zinnias are examples of
ovaries containing a single ovule. Soybeans , alfalfa, watermelon
and okra have several to many ovules in each ovary . Regardless of
the number of ovules, each one conducts its own private little affair.
Let's take a closer look at the ovule and its parts (Plate 2).
Here we see a cross section of a typical ovule inside the ovary wall.
The principle parts of the ovule are the funiculus, integuments,
micropyle and the embryo sac . The funiculus, or as some people call
it the ovule stalk, connects the ovule to the mother plant functioning
similarly to the umbilical cord in animals and rockets . The integum.ents,
there are normally two, serve as delicate fingers to hold .and support
the embryo sac. At the point where the integuments come together a
small opening remains to allow for the entry of the oollen tube. ·
This opening is called the micropyle . Between the inner integ uments
and the embryo sac a layer of cells called the nucellus is formed to aid
the nourishment of the embryo. In some species the nucellus gives
rise to embryos and subsequently seed which do not r e quire the participation of the mal e. Such an event is a n example of a proc e ss ca lled
apomixi s.
The embryo sac is the "hea rt " of the o vule and the location of
female egg cell which when f ertiliz ed gives ris e to the seed In
addition to th e egg cell most mature embryo sacs contain 7 o ther cells;
the thee antipodal cells are relatively unimportant as are th e t w o
syner gid cells which are loca ted on eit her side of th e egg c e ll o Th e
2 pola r n uclei are v ery important in seed deve lopment as we shall see
later.
0

In most sp ecies the development of both the male and female
r e productiv e organs are s yncronized and they rea c h maturity together .
If they do n ot mature tog ether I believe yo u ca n readily reco gniz e that
the more advanced s ex will go "looking for a partner." Pla nts w he r e
this normally occ urs we refer to as being cross pollinated.
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There are several other mechanisms which lead to eros s pollination.
The mechanics of pollination and fertilization are simple. For each ovule
(egg cell and polar nuclei) to be fertilized a pollen grain of the same
species must land on the stigmatic surface. This is pollination. After
the pollen grain germinates (Plate 3) the two sperm cells remain near the
g-owing point of the pollen tube. When the pollen tube passes through
the micropyle reachi ng the embryo sac it ruptur es releasing the two sperm
fnto the. embryo sac. · One s·perm unites with the two· polar i:l'uclei ·ana the
e>:ther witli the ·egg·. This process is called double fertili'zatfon and is' unique
to the pla:nt world.
The union of a sperm and the egg forms a cell called the zygote.
It is this cell which starts the new generation and gives rise to the

embryo. The other union forms the endosperm which we often refer to as
part of the embryo, though technically it is not. The primary function
of the endosperm is to provide nouishment for the embryo as it develops.
The five antipodal and synergid cells degenerate s hartly after fertilization.
The newly formed cells start division almost immediately with the
endosperm initially dividing the more rapidly of the two. With the first
division of the zygote, which is always on a transverse plane, the
polarity of the new plant is established. That is the new cell formed
nearest the micropyle will give rise to the roots and other associated
parts. The other new cell will give rise to the above ground; stem,
leaves and eventually flowers. You can turn the plant any way you want
but it won't change this fact.
For the next few hours, days, or weeks the embryo and endosperm
cells divide rapidly with the plant's entire system being devoted to the
nourishment and d evelopment of t he embryo. If the soil cannot provide
the che mical compound s r equired for the s eed 's d ev e lopment some
c ompounds are transferred from other parts o f t he plant to nourish the
seed. Thus we often see the fam iliar symptoms of nutrient deficiency
accentuated as the s e eds develop b ut it ' s too late to add chemical
fertilizers.
A f ew da y s a ft e r ferilization of th e egg c e ll w e can s ee the first
s igns of distinction between t he dicoty ledonous (s eed s havi ng two
cotyledons) and monocolyledonous (seeds have one cotyledon) species.
Up to this point e ssentially the e ntire developmental process is the same.
A brief study of plate 4 will r eveal that the pre s e nce or abs e nce of the
s e cond c otyledon is the primary diff er e n c e in embryo d evelopment from
now until maturity . Oth erwis e , the e ss e ntial str ucture s o f t he d eveloping
embryos a r e t h e sam e .
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You will notice that at maturity seeds of both the monocot and the
dicot have (a) an embryonic axis , which terminates at one end with the
embryonic root and at the other with an embryonic shoot (b) a source
of stored food, in the cotyledon(s) and in some species the endosperm
or nucellus and (c) a protective cov ering , called the testa or seed coat.
When using the term maturity I believe that some of you might
think of a golden field of grain. If you do , you are not thinking with
me. A seed is mature when it reaches the stage of maximum dry weight.
It is at this strategic stage in the development of a seed which signifies
the attainment of maximum potentiality for performance, in most
economically important species .
Attaining maturity may be regarded as a positive process which
includes: increase in seed size, accumulation -of dry weight, development of the essential structures , a loss of moisture, and an increase
in viability and vigor. Almost immediately following maturity, the seed
enters a negative phase which is characterized by a decline in viability
and vigor caused by, respiration , high temperature, high .humidity,
mechanical injury and time. This phase is terminated by the death of a
seed. This can be visualized by observing plate 5.
Thus the waving field of golden grain does not repres'ent a field
of mature seeds rather the field is a terribly exposed storage place for
seeds which have already entered the negative phase we call deterioration.
Therefore, our concept of maturity is very important when considering
harvesting, drying, storage, an' subsequent field performance of the
seeds.
Let us now consider some aspects and characteristics of mature
seeds which are determined by the developmental processes already
discussed. As I indicated a seed considts of an embryonic axis,
stored food and the testa or seed coat . To equate the botanical terms
used in discussing the flower and seed development into terms of the
seed, refer to plate 6 . The seed c oat, hi lum and micropyle can be
observed rather easily on most s eeds . A simple cross section allows
identification of the other ess ential organs of a seed (Plate 7).
Most seeds have one o r mor e structural weaknesses which are
an unending source of problems to us as seedsmen . It seems that God,
in his infinite wisdom , ov erlooked the brutality to which man would
subject seeds of the various species . On the other hand, maybe we
should change some of o ur met hods to better align them to the seeds
with which we deal.
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Consider the seed coat which , when undamaged, is a better protectant than any seed treatment that we may add. · . Ip the coconut or
brazil nut the seed-coat is hard and offers excellent p'r otection to the
delicate embryo but most seeds are not .so 'fortunate~ Rather they are
protected by a thin shell like an egg which, in our mechanic:al age,
is easily broken by dropping or at best a slightly more severe shock.
We are fortunate that many of the seeds we use are either so small,
light, or are protected by additional coverings as in the case of many
of the grasses, and, therefore, escape our attempts to kill them.
In many species the embryonic axis is exposed (Plate 8) and like
our noses catches the brunt of a headlong impact. But unlike our noses
the embryonic axis once broken cannot be taped over and left to heal.
The removal of the seed coat from many seeds will reveal the axis'
exposed position.
Here again the embryos of seeds belongirg to the grass family
have an advantage because in addition to the radicle the seminal root
primorida were formed by the time the seed matured·. · If the radicle is
broken or destroyed prior to planting, these roots are ready and capable
of fulfilling the role of the radicle.
Even the chemical composition of a seed affects its ability to
withstand abuse. We know that soybeans and field beans are very
subject to mechanical injury . But at a given moisture content the field
bean is more subject to damage because of its high starch to oil content
simply because the starch is more brittle than oily substances.
As a logical conclusion to this discussion we must consider the
function of the seed which are fhree fold:
First, it carries the inherent genetic characteristics from generation
to generation essentially without change. Yes , I am aware of the fact
that some plant breeders claim that irradiation of seeds has resulted in
the development of new varieties. Yet, no one has presented data to
prove that this exposure was responsible for the new varieties; rather
they state that a line or strain was selected from a field planted with
seeds exposed to ionizing radiation. There is a distinct difference.
Second, the seed functions as an effective storage system for a
living plant. Physically speaking, if we took the most scientifically
engineered anrl equipped refrigerated-dehumidified storage room and
dropped it from the top of a building you know what would happen.
Yet most seeds of the same specific gravity would be unaffected by the
same treatment. Biologically speaking, leave a head of cabbage on a
kitchen table for a month and then try to use it. A cabbage seed would
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be relatively unaffected by the same treatment. No other container or
its contents can withstand an equal amount of physical and environmental
punishment and still perform its intenfud role.
The third function, brings this story to a close and this, is
reproduction. When the proper ratios of moisture, temperature, oxygen
and sometimes light are reached, this amazing little package of life
springs forth, root first, into a structure we call a seedling. Then
once again the miracle of a seed is forgotten until we see the beauty of
a flower or the golden field of grain .
Now as we continue through this meeting,
then go our separate ways:
I ask that each of you remember not;
my simple words of praise;
But rather, behold the seed I have,
and the amazing role it plays.
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DETERMINANTS OF SEED QUALITY
James C. Delouche*

The quality of seed at any point in time reflects the significant
factors that have acted upon them in the past. Thus, seed are a product
of their history -in the same manner as are nations and people. Yet_, there
is a difference. People (and nations) are active participants in their
historical development. Their thoughts, passions , creativity and actions
based thereon are the raw staff of which history is constructed. Seed on
the other hand are acted upon during the flow of time: their's is a passive
role.
Look at a seed. It is alive- it had abegihni'ng and its end is
afready predetermined by its biological nature. From the seed's beginning
until its end it will be influenced by a host of factors or events - some
natural and some man-made. Some of the factors or events will be
traumatic and exact their toll from the vigor and longevity of the seed.
It is these together with the seed's inheritance that comprise the determinants of quality.

Inheritance

•,

Fertilization of the egg cell by the sperm nucleus is the beginning
of a seed. The heritable complements contributed by the male and female
parents comprise the code that will determine the biological characteristics
of the embryo , endosperm and plant produced by the seed. Certain weaknesses that contribute to seed quality problems may derive from either or
both parents. Lindstrom l/and Haber .~/ have shown, for example, that
inbred lines of corn differ in seed vigor and longevity and that these
differences are heritable. The recent w ork of Chang 3 / dramatically

1/

-

2/

-

3/

Lindstrom, E. W. 19 42 . I nh e ritance of seed in maize inbreds and
hybrids. Genetic s 2 7: 154 .
Haber, E. S. 19 5 0. Lon gevity of the seed of sweet corn inbreds and
hybrids. Amer . Soc. Hort . Sc i. Proceedings 55:410-412.

-

Chang, Sylvia . 1g7o . P hy s iolog ical study of differences in quality
and longevity among se e d o f tw o i nbred li n es of corn and the hybrid.
M. S. Thesis, M iss is s i ppi State University , State College , Miss.

*

Director, Seed Techn o l ogy Laboratory
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illustrates the influence of inheritance on seed quality . Longevity of seed
of two inbred lines of corn and their hybrid at 20°C-75 % R.H . are compared
in Figure 1. The three "lots" of seed were produced in the same area at
the same time and handled in the same manne r.
I

There are many other examples of dir ect genetic influences on seed
quality. Certain varieties of beans are more susceptible to mechanical
injury than others. The older type black seeded soybean varieties had
thick tough seed coats and were quite resistant to field deterioration and
harvest damage. The current varieties have thinner more fragile seed
coats which contribute to many seed problems.
1

1

The seed producer can do very little about genetic weaknesses that
result in gualityproblems except , perhaps to take special precautions or
to simply not produce the variety .
1

Source of Seed
Selection of planting seed for seed multiplication is one of the
most important steps in producing quality seed. While it has not yet been
demonstrated that low vigor seed beget low vigor seed other attributes
of quality are influenced by seed source . These include varietal purity
and mechanical purity. Certainly , planting varietally mixed seed or seed
containing weed seed are good ways of insuring that the resulting seed
crop will also be varietally mixed and contaminated with weed seed.
Source of planting seed is therefore one of the determinants of seed
quality.
I

1

1

Field C ontamination
Other varieties , other crop a nd weed seed contaminants in seed
derive from three sources : (l) conta minant s i n the stock seed used for
seed production ; (2) conta.minants i n t he soil on which the seed are
produced ; and / or (3 ) c onta mi nan t s i n t he equipment used for harvesting
drying cleaning , e tc. Of thes e ~ hr ee field con tamination is probably the
the most important . S eed shoul d a lways be prod uced on the "cleanest"
land.
1

1

1

Selection of land for se ed prod uction should be based on the land's
history. If it were used to orodu ce another va r iety of the same crop the
previous year th en cha!1ce s are go od that some of the seed shattered to
the ground will v o lu n u~ e r a n d contaminate th e field. In similar manner
if the field were ov erq rovrn with weeds the previous season or seasons
the soil w i ll act as a rE ;erv o ir a nd reple nish the weed populations.
I

I

1
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Growing Conditions
The fertility of the soil on which the seed crop is produced, its
uniformity, drainage, and fertilizers, insecticides and herbicides applied,
as well as other cultural practices have a great influence on both seed
quality and seed quantity. Plants have a remarkable capacity to compensate
for deficiences in their environment by a reduction in quantity of seed
produced rather than their quality. Indeed , this capacity is essential for
survival of the species for if the quality of seed were strongly affected
by mineral or other deficiences, then a species could not spread into
marginal lands. This is not to say that good fertilization and cultural
practices are not essential for seed production. No seed producer is
interested in greatly reduced seed yields.
Growing conditions contribute in many ways to seed quality
problems . Non-uniform land or soils mean non-uniform growth and
rna turation of crops. It might also mean heavy weed infestations in some
areas such as those that are poorly drained. Harvesting non-uniform fields
is always a problem. Some seed are too dry - others are too green (high
in moisture). The weedy patches are harvested along with portions of the
crop that are relatively free of weeds , thus, spreading the weed seed
problem throughout the entire mass of seed.
The professional seed producer takes into account not only the
source of his pianting seed but the land on which the seed crop is to be
produced and then manages the crop for maximum yield of clean , high
quality seed.

Post-Maturation- Pre-Harvest Conditions
After fe rtilization the seed develops in the relatively well protected
"womb" of the ova ry or fr uit. It is quite secure from the rigors of the
environment except for inse cts and diseases until the time of maturation.
Seed attain functi onal rna t urity at the time maximum dry weight is
accumulated. For ma ny kinds of s eed this occurs at moisture contents
much to high for mechanical ha rv est. For example, wheat, barley and oat
seed are about 40 % moi stur e at the t ime of maturity , corn about 35%, rice
32-35 %, and soyb eans about 2 8-30% .
As the seed continue to decrease
in moisture conte nt aft e r mat Ui:ation th e y come more and more under the
influence of the fi eld environment. In effect , the interval between maturation and harvest , which ma y be a few days or several weeks, is a period
of storage . And, field cond ition s are seldom favorable for storage.
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The field environmental factors that have the most detrimental effect
on seed quality are temperature (too high or too low) , relative humidity (high),
and precipitation (frequent). These can act singly or in combination to cause
a substantial reduction in quality before the seed are ever harvested.
Some data illustrating the effect of the pre- harvest environment on
seed quality are given in Tables 1 and 2.

Harvesting
The method of harvest, the time of harvest, and the procedures used
to 11 handle 11 the harvested seed crop are all important determinants of seed
quality. We have already discussed the role of the pre- harvest environment
in determining quality. It follows, therefore, that minimization of field
exposure through harvest at the proper time is critical. Climatic conditions,
of course, may not be favorable for timely harvest. In this event, harvest
should be accomplished just as soon as weather conditions permit.
The equipment used for harvest are always a potential source of
mechanical injury. Harvesting and threshing arre accomplished qy .mechariical
action. If the mechanical action is not properly controlled then the same
forces that thresh the seed can cause serious injury. Proper operation of
the combine harvester or other threshing equipment is one of the most
critical factors in seed production.
Seed that are harvested at moisture contents too high for safe
storage must be placed under aeration or in the dryer as soon after harvest
as possible. 11 Field heat 11 combined with the heat produced by respiration
of the seed and green material mixed therewith can quickly lead to deterioration of the seed . Both aeration and drying are 11 timely" operations , that is,
if thery're not done on time, then their effectiveness is greatly diminished.
The damage from heating and high seed moisture content will already have
occured.

Aeration and Drying
We have already touch ed on these determinants of seed quality.
Bulk storage bins for seed should nearly always be equipped for aeration
regardless of how l ow seed moisture content is at harvest. Aeration will
remove the field "heat" of the seed and gradually reduce seed temperature
as the ambient temperature decreases with the progress of the season for
all harvested crop s. Tim el y and proper aeration will also prevent the
damage that can be cau s ed by moisture migrati on in a bulk stroage bin as
the ambient temperat ur e e it her decreases or increases.
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Table 1. Germination percentages of cottonseed as related to position
of boll on plant and period between boll opening and harvest.

Weeks after
Boll Openi ng

Boll Position on Plant
Bottom
Middle

Top

1

77

81

78

3

53

56

84

6

22

55

84

Unpublished date, Seed Technology Laboratory

Table 2.

Effect of field weathering on germination of 1970 crop of Dare
soybeans~*

Date
Harvested
Oct.
Oct.
Oct.
Nov.
Nov.
Dec.
Dec.

9
16
26
3
24**
6
11

Moisture
Content

Germination

19
20
21
15
13
18
20

93
93
81
83
80
76
48

%

*Fall of 1970 was characterized by a prolonged rainy period that
generally delayed harvest.
** First killing frost occurred a few days before Nov. 24.
Unpublished data, Seed Technology Laboratory
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For seed harvested at moisture contents above 15-16% drying is
essential. Drying should be initiated just as soon as the seed can be
transported from the field to the dryer. The longer the delay between
harvest and the onset of drying, the greater will be the reduction in seed
quality.
The following data taken from Saul1/ illustrates the effect of
temperature and seed moisture content on grain quality or grade of field
shelled corn. The 11 allowable safe storage times 11 refer to those beyond
which quality is reduced · ~one grade:..
Bear in mind that the reference
is to grain quality - by the time grain quality is reduced one grade the
seed quality would have long been zero.

Allowable Safe Storage Times for Field Shelled · Corn
(days)

Grain Temp
OF
75
70
65
60
55
50

15%
116
155
207
259
337
466

Grain Moisture Content
25%
20%
12
16
22
27
35
48

4
6
8
10
12
12

30%
3
4
5
6
8

10

Seed drying involves the transfer of heat to evaporate moisture
from the seed, the transport of evaporated moisture out of the seed
mass, and the transfer of moisture fr om the interior of the seed to the
surface where it can be evaporated. These processes require equipment
and facilities which _ are adequate to the task, and which can be
rigorously controlled.

Handling
The conveyors, elevators and other devices used to transport seed
from harvester to dryer or bulk storage, out of bulk storage into the processing plant and then on through bagging can have on important influenceon quality of seed.

4/

-

Saul, R. A. 1968. Effects of harvest and handling on corn storage.
Proc. 23rd Corn-Sorghum Res. Conf. ASTA. 23: 33-3 6.
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Every mechanical device used in handling fs a potential source
of seed injury and contamination. All conveyors must be thoroughly cleaned
before they are used to handle a different variety or crop. Thus, the types
of handling devices used should permit thorough cleaning or, preferably, be
of the self-cleaning type.
All kinds of seed are subject to mechanical damage and should be
handled as carefully as possible. Some kinds of seed are more susceptible
to injury than others and some types of conveyors are more injurous than
others. It is most important, therefore, to match the conveyors to the
seeds. For example, one should never use augers to convey seed soybeans.
Most types of conveyors used for seed will cause only a very
minimum of damage if operated properly and maintained in a good condition.

Processing
During processing the seed are prepared for packaging and mark eting
by cleaning, size-grading, density grading, and treating. The efficiency
and effectiveness with which these tasks are accomplished very often
determine whether the seed are marketable or not. Weed seed and other crop
seed have to be removed within certain allowable standards. Shriveled and
small seed, broken seed, and rotten seed have to be removed to improv e
both quality and appearance of the seed and enhance customer appeal.
Two factors are most important in processing: (l) th e prop er e quipment must be available; (2) the operator of the processing plant must be
knowledgeable about both seed and processing machinery. All too often
seed are cleaned with almost total disregard of the types of material that
have to be removed and by opera tors who are primarily conc erned w ith
getting so many bags through the plant each day.
Processing equipment are also a source of contamination and should
be thoroughly cleaned each time a different variety or kind of s eed e nt er s
the plant.
Treating and packaging are proc e ssing op erations.
accord with r e commend e d procedure s.

Both mus t b e in

Storage
S e ed must usually be store d for a p eriod of tim e a fter baggi ng b e fore
they are distributed to r etail outl et s . Storage , how ev er , is not r est rict e d
solely to this period. We must also consider the period of storag e in b ulk
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before processing and the period of storage in the retail warehouse before
the seed are sold.
Most 11 storage 11 problems do not originate in storage - they are only
noticed there. Climatic conditions in the U. S. are sufficiently good to
maintain viability and a reasonable level of vigor from harvest to planting
time provided good quality seed are placed in storage. Storage, regardless
of how favorable, does not improve seed quality. Indeed, even good
storage conditions are often inadequate to prevent loss of quality when the
seed are badly weathered and mechanically damaged. The first and most
important consideration in storage, therefore, is to produce high quality
seed.

Other things _being equal, chronological age of seed is an important
determinant of quality. Seed are alive and like all living things are subject
to the degenerating processes of aging. During aging seed vigor declines
at a much more rapid rate than germination percentage. Therefore, old seed,
might have a reasonably good germination but be so low in vigor that they are
practically worthless for planting.

Homogenity
A seed lot is defined as a definite quantity 6fseed uniform throughout
its parts for the quality attributes stated on the label. Many lots, of
course, do not meet this definition. We have already considered non-uniform
seed production fields as a determinant of quality. This non-uniformity of
seed fields is often reflected in non-uniform seed lots. Portions of the lot
may contain different levels of contaminants or even entirely different
contaminants.
The seedsmen should make every effort to identify non-uniform seed
lots and blend them as necessary to achieve uniformity.

Summary
The quality of seed is a product of their history. From fertilization
through planting ,seed are subjected to many conditions and operations which
determine quality. These include: genetic characteristics and peculiarities
of the kind and variety multiplied, 's ource of seed, land selection, growing
conditions, pre- harvest environment, , harvesting procedures, a·eration and
drying, b.ar;dling · and conveying, processing, storage, chronological age,
and ho,m ogentiy. The complete quality control prograi,:D insures that the detrimental effects of the conditions and 'operations to which seed are subjected
are minimized.
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PRACTICAL SEED TESTS AND THEIR USES
Charles E. Vaughan

ll

One of the jobs of quality control is to minimize the amount of
deterioration that occurs during seed production. This requires constant
checking with sensitive tests that can detect small amounts of deterioration.
Many kinds of tests have been developed for measuring seed
deterioration. Some of these are based on observations made during
germination and seedling growth: seedling growth rate, cold test performance, emergence through a layer of crushed ·brick, respiration rate
of germinated seedlings, speed of germination , and germination after
subjecting the seeds to stress conditions. Other tests are based on
detailed examinations of the seeds: determination of enzyme activity
the tetrazolium test, and mea -s urement of electrical conductivity. Brief
descriptions of some of the· tests now in the forefront are as follows:
1

The cold test for corn determines how well seeds withstand seed
rotting organisms under cold, wet soil conditions. It is the only vigor
test now in routine use in this country. Seeds are planted in a mixture
of sand and unsterilized soil, held at 50°F for 7days, then transferred
to warm temperatures to gerrninate. This . test reflects the amount of
mechanical damage in corn seed and the effectiveness of fungicide
applications.
\

'

In the past, the cold test has been· used almost exclusively on
corn seed lots . Some of these uses were to : (a) determine' the quality of
carry-over seed; (b) evaluate seed treatments; (c) test the effects of processing methods on the seed; (d) evaluate vigor in parent stocks; (e)
compare the resistance of inbreds and single crosses; (f) evaluate the
adequacy of storage conditions with respect to seed deterioration; and
{g) determine the extent of frost inj ury and immaturity and its effect on
seed vigor.
Recently, however , we have found that the cold test is applicable
to many other crops and shows great potential for predicting storability
and field performance of various seed lots of the· same: kind.
There are, however, several factors whic\1 affect cold test performance. Among these are : (a) degree of seed maturation; (b) age of
seed; (c) amount of mechanical damage ; (d) seed treatments; (e) genetic
resistance; and (f) degree of organism infestations.
_VAssociate Agronomist, Mississippi Seed Technology Laboratory
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Some other factors also make the cold test extremely hard to
standardize among seed laboratories. These are:
1. Different soils used in cold tests. Soil used in various
laboratories give different results due to variations in the
amount of disease organisms present and differences in
soil texture.
2. Different organisms in the soil exhibit various degrees of
virulence.
3. Differences in cold test methods, Variations in soil
moisture content and length of cold period and temperature
cause varying results.
The lack of standardization 1 however 1 need not limit the usefulness of the cold test as a quality test. As long as each laboratory
uses a consistent method 1 comparisons can be made among seed lots,
varieties etc. Procedures for conducting cold tests are given on page 76.
1

Growth rate tests will probably be well adapted and easily
incorporated into a regular germination testing program.
Some advantages of growth tests are:
1. They are simple and easy to conduct. Any technician can
conduct growth tests.
2. They can be incorporated into a germination testing program
at little or no expense.
3. Most growth rate tests can be easily standardized.
First Count
This test can be incorporated into the standard germination test.
The number of normal seedlings removed when the preliminary count of
the germination tests is made is an indication of the quality of the seed
lot. The higher percentage of normal seedlings removed at the preliminary count the better quality the seed lot.
If the first count is to be used to compare different lots of seed

over a period of several months, all first counts must be made at the
same time interval after planting.
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Speed of Germination
If a more detailed test is desired , speed of germination may be
used. This test can be incorporated into the standard germination test,
but will require more time to evaluate than a regular, standard germination test . After the seed have begun to germinate they must be checked
daily at approximately the same time each day. Normal seedlings are
removed from the test when they reach a pre-determined size. This
procedure is continued until all seed. that are capable of producing a
normal seedling have germinated .

An index is computed for each seed lot by dividing the number
of normal seedlings removed each day by the day on which they were
removed after planting. Thus quality indexes of 15 (lot A) and 23
(lot B) are obtained in the following manner:

Lot A:

no. seedlings
removed daily ·=
day after plant.

{0) + (0)+ (0) + (2)+ (2) +{ 4) + (4) +{3)
Q+Q+Q+J!+l.Q.+24+2 8+..fi
1 2 3 4 5 6 7 8

Lot B:

no. seedlings
removed daily
day after plant.

(0)+{3)+{4)+{6)+{9)+{1) = 23
0+6+12+24+45+7
-----1 2 3 4 5 6

=

= 15

'

.
Lot B would be considered the better quality
of the two lots . s i nce
the higher index indicates seed quality .

Root and/or Shoot Growth
Another growth rate test that may be easily employed is root
length or shoot length or both.
This test involves the measuring of the length of root (or root
and hypocotyl) or shoot at a specified number of days after planting in
the germinator. When using this system of comparison, the lot making
the most growth is considered to have the highest quality. Only normal
seedlin gs should be measured .
Root and / or shootgrowth can b e e mployed with grasses and
grains. However, dicots will probably have to be limited to root or
root and hypocotyl growth because of the slowness of epicotyl elongation in many dic ot species.
The tests we ha ve discussed thus far can b e conducted in the
laboratory with no additional equipm e nt other than that required for
standard germination tests .
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In order to make valid comparisons of these tests both the
conditions of the test and the conditions of germination must be very
carefully controlled. If some replications become dry, for example,
growth will be slower and the results of the test will be biased. If
alternating temperatures are used, the time of day when the tests
are placed in the germinator will affect the result. For example, corn
is germinated at an alternating temperature of 20° - 30°C. If tests
are placed in the germinator at the beginning of the 30°C cycle and
are compared
with tests placed in the germinator at the beginning of
0
.
the 20 C cycle, we would expect the test which was begun at 30°C
to make more total growth than the test which was begun at 20°C,
when measurements are made the same number of hours after the beginning of the test. If laboratory growth tests are to be used it would be
well to consider using a constant temperature to avoid this problem.
Speed of Seedling Growth and Seedling Weights
Several variations of laboratory growth rate tests may be used.
Total seedling growth in the greenhouse or field may be
measured at a specified number of days after planting. The lot of
seed producing the most growth per normal seedling is considered to
be the best quality. Seedlings may be cut and weighed, fresh or dry,
for additional information. Seedlings producing the most weight are
considered to come from the better quality seed.
Emergence tests will require additional facilities, mostly
field plots and greenhouses and other investments outside the laboratory. Conditions in the greenhouse or field are much more difficult
to control than those in the laboratory; therefore, results can be
expected to be more variable .
GADA (glutamic acid decarbox ylase activity) is one o f s everal
tests of enzyme activity. Glutamic acid solution is added to finely
ground seeds. The amount of carbon diox ide evolved from this mixture
in 30 minutes is an index of the enzyme activity present in the seeds .
Seeds with the highest rate o f carbon diox ide evolution are the most
vigorous.
GADA appears to be better related to seed quality of monocots
rather than to quality\ of dicotyledonous species such as soybeans and
cotton.
GADA is closely related to the storability , root growth and y i e ld
of corn. Grabe and Gill have shown yiel d decreas e s of 8% and 14%
respectively between high and low GADA in corn. Relation s hips exist
between GADA and seed quality in oats, wheat and rice .
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The equipment needed for this test is relatively inexpensive. It
consists of a water bath for controlling temperature, simple, easy to make
manometers, a scale for measuring manometer fluid movement, small
containers (1/2 pint jars) and a small grinder.
Some of the advantages of GADA test are:
1. It is simple and easy to conduct.
2. It does not require a large investment in equipment.
3. It can be completed in a short period of time.
Crop varieties differ in GADA; therefore, comparisons for quality
must be made within varieties and not between varieties. Also, GADA is
too sensitive to be used as an indicator for stand establishment. Procedures
for conducting the GADA test are given on page 7 7.
The tetrazolium test is also based on enzyme activity. Vigor ratings
are obtained by close observation of staining patterns and the physical
condition of the embryo. Tests which measure the activity of enzymes are
among the quickest vigor tests to make .11
Changes in permeability of certain kinds of seeds indicate
decreasing vigor. Permeability can be measured by soaking seeds in
distilled water and then measuring the electrical resistance of the water.
Low resistance means that the seeds have deteriorated, allowing materials
to leach from the seeds into the water.
Survival of seeds under Accelerated Aging conditions is an index
of longevity of commercial storage. Seeds are placed in an atmosphere
of 100% humidity and 42-42° for 4 or 5 days . A germination test is then
made to determine survival. Procedures for cond ucting the accelerated aging
test are given on page 85.
Respiration rate of germi nativ e seedlings can be used as an index
for vigor. Seeds are germinated a nd the amount of carbon dioxide given off
by the seedlings is measured The more carbon dioxide evolved, the greater
the vigor of the seedlings.
0

The brick gravel method is one if the older vigor tests used in
European countries . Germina ting seeds are covered with a layer of crushed
brick and the ability of s eedli ngs to penetrate this restructive layer is a
general measure of seed vigor.

1/

-

Procedures explained i n t he Association of Official Seed Analysts
"Tetrazolium Testing Handbook for Agricultural Seeds.... Don Grabe ed.
Contribution No. 29 , 1970 .
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Microscopic examination for mechanical damage is a simple
and effective test. Fast green or other stains may be used to make
the cracks more visible.
These and numerous other tests are fully described in the
literature. With this arsenal of tests available 1 the job now is to
determine which are most suitable for use in quality control programs.
What Are The Best Quality Control Tests?
Several criteria need to be considered in selecting the tests
to incorporate in a quality control program. These include (a) cost 1
(b) time involved (c) personnel available and (d) the particular
aspect ;o f q·ucrlity to be tested.
I

I

Most of the tests that have been proposed do a reasonably
good job of detecting differences in quality between seed lots . .Most
of these tests have been aimed at predicting difficulties in establishing
stands under adverse field conditions and considerable experimental
evidence is available on this point. We do not know if most of these
tests can be used to measure losses in yield potential and storability
of seed lots •
In order to predict potential performances we must have more
than arbitrary tests for "vigor". We must first of all know what levels
of deterioration impair various aspects of performance. We must find
out in what ways seeds deteriorate physiologically and then relate
the condition of the seed to specific performance. The most useful
vigor tests will be those that prove to be most closely related to crop
performance.
1

Use of Vigor Tests in Quality Control
Different kinds of tests are probably needed to rate seed lots
according to their potential for stands yields and storage life. For
exail1Ple in one series of experiments a lower yield of corn was not
related to cold test performance. On the other hand the cold test was
a better i!)dicator of potential stand establishment than was enzyme
activity or seedling growth rate. Enzyme ·activity shows great promise
as an indicator of relative storage longevity of seed lots.
I

1

I

1

When the appropriate tests are perfected seedsmen will be
able to use quality control tests to monitor the quality of their seed
production in much the same way that manufacturers control the quality
of the goods they produce . Some o f these tests have already proven
themselves in the laboratory and are ready for field testing under
commercial conditions.
1
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GENERAL PR0CEDURE3 FOR COLD TESTING
Howard C. Potts and Charl e s C . Baskin l /

Ther e is no standardized procedure for conducting the 11 cold test, 11
therefore , the technique outlined can be followed exactly or slight alterations m~y be made for your convenience . It is most important that once
procedures are established they be followed exactly for subsequent tests.
If this is not done the results will not be comparable .
Soil taken from the upper 6 inches of a field on which the species
to be tested was grown should be used as substrata. When the soil is a
clay or clay loam (heavy type soil) it soul d be thoroughly mix ed with an
equal amount of builders sand . All soil should be screen ed to r emove
particles larger than l/4 inch in diameter. One to two inches of soil are
then placed in a plastic crisper , greenhouse flat or similar container and
pressed firmly .
A counted number of seeds , 50-100 per replication, rand omly chosen
from the seed sample , are then space d uniformly on the soil surface (approx.
l seed per l/2 inch). A minimum of two replications of 50 seeds each should
be planted from each sample . Press the seed into the soil surface. Add
l-l l/2 i n ches or a normal planting depth of soil and press to firm the soil
a r ound the seed . Sufficient water is then add ed to bring the soil mix ture
to 60 to 80% of field capacity . Care should be exercised to maintain the
sa me soil to wat er ratio in each container .
The germination containers are placed in a germinator, col d room,
etc., which i s maintained at a constant temperat ure fo r varying time
periods as suggested in Table l .
Aft er the p er i od of cold expos ure the contain e rs are t ransferred t o a
warm temperature (77 t o 86°F or 25 to 30°C) for 3 or 4 days (until seedlings
are well emerged) •
Evaluation c onsists of countin g t he n ormally dev elo ped se e dling s
to determi n e the percentage emer gence for each rep lication. Wh e n the
variati on between r e plications exceeds l 0% , t h e s a mple proba b ly s ho uld
be re-tested.
!/Assoc iate Agronomist and Associate Exten s ion Agronomis t , r e spectively,
Seed Tec hnolo gy La b oratory
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Table 1. Suggested temperatures and exposure periods for cold testing.

Species

Temperature

0

C

Cotton (Gossypium hirsutum)

13

3

Soybean (Glycine max)

13

5

Garden Bean (Phaseolus vulgaris)

13

5

Cowpea (Vigna sinensis)

13

4

Sorghum (Sorghum bicolor)

13

5

Corn (Zea mays)

13

5
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THE GADA TEST FOR SEED STORABILITY
Don F. Grabe j /
Seed Technology Laboratory
The GADA (glutamic acid decarboxylase activity) test has
been developed as a sensitive test to measure seed deterioration
in storage and to prediCt relative storability of seed lots. In
laboratory tests, GADA has shown good correlation with longevity
of corn seed in storage and with seedling vigor of corn and oats
(4, 5)Y and the test is now read y for field testing under commercial
conditions. These instructions have been prepared for those who
want to evaluate its use in seed quality control programs.
Procedure for Testing
In precise scientific research, GADA is usually determined
by expensive and time-consuming colorimetric, electrophoretic, or
manometric techniques (1, 2, 3 , 6, 8) . It is felt that these methods
are not practical for use in most seed quality control programs. The
method described here is rapid and inexpensive, and is adapted
from a method first proposed by Linko(7) for determining GADA in
high moisture wheat grain in storage.
Equipment Needed
The items of equipment needed to perform the test are as
follows:
l. Grinder
2. Water bath
3 . Time clock
4. Tors i on balance

5 . Stirring rod
6. Liquid dispenser
7. Pinch clamps
8. Resp i rometers

Grinder
The seed must be fin el y ground . This can be done with a
Wiley Mill with a 2 0 me s h 's c re en , a Waring blendor , or any other
t ype of grinde r that w ill u niforml y grind seed to a small pa:ticle size.

1/

Development of t he GADA test was s u pported in part by a grant
from the Ame ric a n Seed Rese a rch Fo u ndation while the author was
employed b y Iowa State Univ ersit y . Author presently employed b y
Oregon State Univ ecs ity .
2/ Numbers in par e n t he ses refer to list of references .
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Water bath
It is extremely important that tests be run at a uniform tem-

perature since the results will vary with a small difference in
temperature. A bath measuring approximately 13 in. x 12 in. x 7 in.
deep is a convenient size.
Time Clock
A time clock with a sweep second hand is best for accurate
timing.
Torsion balance
The balance should be capable of accurately weighing to 2
places to the right of the decimal point.
Stirring rod
Should be of glass or plastic.
Liquid Dispenser
The liquid should be measured to the nearest 0.1 milliliter.
It is recommended that this be done with a 50 ml. burette graduated
in intervals of 0. 1 ml.
Pinch clamps
Simple clamps to pinch off the rubber tube on the air vent.
One needed for each respirometer.
Respirometers
The respirometers are not available commercially but may be
easily constructed. Materials needed for one respirometer are: a
small-moutqJ half-pint mason jar No. 12 rubber stopper a 48-inch
capillary tube a 300 mm' plastic scale (a foot ruler calibrated both
in inches and millimeters) 2-1/2 - inch length of 6 mm. outside the
diameter glass tubing 3-inch section of 3/16-inch inside diameter
rubber tubing a pinch clamp.
•1

1

1

1

1

I

I

The manometer is constructed by bending the capillary tubing
as illustrated in Figure 1. The bends are easily made by heating the
area to be bent over a bunsen burne r Of\ similar heat source until the
glass is flexible. Make the arm with the ruler about 21 inches long
and the arm .inserted in the rubber stopper about 15 inches long;
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level .of
solution
tubing

I

'I '

21" arm of - - --+1
manometer

15" arm of
manometer .

- - - - - glass' tubing
#12 rubber stopper

_ _ _ half-pint jar

F igure l . Re sp irom e t er utilized i n d e t er mina tion s of GADA.
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however these measurements may vary somewhat without affecting
the performance of the manometer.
I

Drill two holes in the rubber stopper with a No. 3 cork
borer. Locate the holes as sh'Own in the illustration. Insert the
manometer tube in one hole and the short length of glass tubing
in the other. Apply a little water or vaseline to the glass for easier
insertion. Slip the rubber tubing over the short glass tube. This
serves as an air vent. Glue or scotch tape the ruler to the upper
arm of the manometer tube.
Fill the manometer tube with Brodie's solution to the level
shown in Figure 1. Do this by imme·rsing the upper end of the tube
in the solution and sucking in with the mouth until the liquid is
drawn up the entire length of the upper arm to an inch around the
bend. When the manometer is returned to an upright position the
fluid will assume the position shown. Do not let air bubbles enter
the tube or it will not read correctly.
1

I

It is best to construct about 12 respirometers so several
tests can be run at a time.

Solutions
Glutamic Acid
The glutamic acid solution is made by mixing glutamic acid
with a buffer solution. Buffer solution is used instead of water
to keep the pH at the proper level.
First mix the buffer solution as follows: Mix stock solution A by dissolving 9. 08 grams dr y KHz PO 4 (monobasic potpssium
phosphate) in 1000 milliliters w a ter. Mix stock solution B by
dissolving 9. 4 7 grams dry Na 2 HP04 (dibasic sodium phosphate) in
1000 milliliters water. Prepare solution C by mixing 16.5 millilHers
solution A with 183. 5 milliliters solution B. Solution C will have
a pH of approximately 5. 8 which is proper for this test.
Prepare the glutamic acid solution by mixing 1. 4 71 grams
glutamic acid in 100 milliliters of solution C.
The buffer solutions ma y be stored for long periods of time
but the glutamic acid solution should be prepared fresh each day.

I

81

Brodie's Solution
Brodie's solution is the indicator liquid in the manometer
tube. To make it, dissolve 23 grams of sodium chloride (table
salt), 5 grams of sodium chole a te, and 100 milligrams of Evans blue
in water, and dilute to 500 milliliters.
Procedure for Performi ng the Test
1. Grind about 35 grams of air-dry seeds in the Waring
blender until the seeds are finely pulverized. This will take one
to two minutes, the exact time depending on the kind of seed. If
a Wiley Mill is used for gr ihding, use a 2 0-mesh screen.
jar.

2. Weigh 30 grams ground seed and place in respirometer

3. Add 15 milliliters glutamic acid solution.
4. Mix ground seed and glutamic acid solution i'mmediately
with a glass rod. Mix rapidl y until all ground material is wet.
5. Place manometer on jar, press rubber stopper firml y to
se a l jar to prevent leakage.
6.

Place respirometer in 30°C w a ter bath and record the

time.
7 . Allow test to run 3 0 minutes. In some samples , the
Brodie's solution may reach the top of the manometer before' 30
minutes. In this case, terminate tests after 25 munutes or even 20
minutes, if necessary.
11. Record height of Brodie' s solution after 3 0 minutes. The
difference in height is the amount of carbon dioxide produced by 30
grams of seed in 3 0 mimutes a t 3 0° C.
12. Place a respirometer without seed in the wate r bath at
the beginni ng of each test to serve as a thermobarometer to correct
for changes in temperature and atmospheric pressure during a test.
If the thermobarometer declines 10 millimeters during a 3 0-minute
test, 10 millime t ers should b e added to the r e ading o btained . If
the' thermobarometer ri ses 10 millimete r s during the test , 10 millimeters
should be subtra cted fro m t he r e a ding.
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13. Conduct all tests in duplicate, and average the results
of the 2 tests.
List of Equipment and Chemicals Needed
Specifications

Coded
Source

Waring blendor

single speed

M,L,F

Water bath

general purpose

M,L,F

Time clock

Kodak

M,L,F

Torsion balance

with weight dials

M,L,F

Stirring rod

glass, 8 inch

M,L,F

Buret

analytical , with
stopcock

M,L , F

Pinch clamp

Day pinchcock

M,L,F

L Glutamic acid

N

Pota ssium phospha te

monoba s i c, certified
or r e a g e nt g rade

F

Sodium phosphate

dibasic, anhydrous
cert ified o r rea gent
g rad e

F

Sodium chloride

g ranul ar

F

Sodium cholea te

N

Evans blue

F

Capillary tubing

l mm. (3/4 - l l / 4)
bo re

M,L , F

Gla ss tubing

6 mm . o utside d iam .

M, L ,F

Rubbe r tu bing

3/ 1 6 i n . inside dia m.
3/ 32 i n . wa lls

M , L,F

Rul e r

1 2 in . pl a s t ic o r wood
millimete r sc a l e

M,L, F
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NAMES AND ADDRESSES OF SOURCES

There. are many supply houses that can provide the equipment and supplies needed. It is not practical to list then all and the
following are only suggestions.
Coded Source

Names and Addresses

M

Matheson Scientific, Inc.
1735 North Ashland Avenue
Chicago, Illinois 60622
Phone (312) 278-4630

L

LaPine Scientific Company
6001 Knox Avenue
Chicago, Illinois 60629
Phone (312) 735-4 700

F

Fisher Scientific Company
145 8 N. Lamon Avertue
Chicago, Illinois 60651
Phone (312) 261-1221

N

Nutritional Biochemicals Corp.
2 62 01 Miles Road
Cleveland, Ohio 44128
Phone (216) 662-0212
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ACCELERATED AGING TEST PROCEDURE
James C. Delouche L/

The accelerated aging test involves the exposure of small samples of seed from the available lots of the same seed kind to very adverse conditions for a specific period. After accelerated aging, the
percentage survival of the seed from the various lots is determined by
standard germination tests.
Environmental conditions and period of exposure required to
obtain maximum differences in response among seed lots var y with
the kind of seed. In general, the most satisfactory conditions are
100% relative humidity, temperatures of 40° to 450 C., and exposure
periods of 2 to 8 days.
Aging Chamber
Accelerated aging is carried out in a chamber in which the
desired environmental conditions are maintained. Temperature and
relative humidity must be maintained at desired levels and they must
act uniformly on all the samples under tes~ in the chamber.
The chambers used in our studies were constructed from several old - but serviceable - water cooled germinators with 2 1/2 inch
insulated walls and doors. Inside dimensions of the chambers are:
width, 26 inches; depth , 20 inches; height, 24 inches. All water
tubing and other internal equipment were removed except the tra y rack.
Gaskets were r eplaced and all holes in the walls and top were closed.
The water well or reservoir (about 1 i nch deep) in the bottom of the
germinator was repaired and sealed to s top all leaks.
The chamber was modifi ed a s follows:

(Figure 1)

(1) A flexible, immersion t ype, low drift, heating rod 66 inches
long (5 0 inches active length) w as shaped into a rough recta,ngle in the bottom reservoi r of the chamber. The threaded
terminal connectors were passed to the outside through two
holes drilled i n the low er rear wall of t h e chamber, and were
sealed in the holes with glaz ing compound.

l/ Director,

Seed Technolog y Laborto ry, Mississippi State University
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Figure l.

Int e rior v i ew of an accelerated aging chamber .
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(2) The heater terminals were then wired to an electrical plug.
(3) The heating element was connected to a thermistor temperature controller (YSI Model 71) equipped with a general
purpose thermistor probe.
(4) The thermistor probe lead and the stem of a centigrade dial
thermometer were passed to the inside of the chamber through
small holes drilled in the middle of one side of the chamber.
(5) A plexiglass chamber was designed as an insert or inner
liner for the chamber to increase uniformity of temperature
and humidity. The plexiglass liner fits on a rack about 5
Inches from the bottom of the chamber and 2 to 4 inches
from the side walls, back and ceiling. The liner has a
water reservoir, glides for two trays, and a removable access panel in the front. .
The top rack of the plexiglass liner is covered with blotters to
collect any condensation dripping from the top (actually, very
little condensation forms on the top or walls of the liner). The
bottom rack is used for holding the samples of seed at a set
distance of 3 inches from the surface of the water. A dial,
long stem thermometer is inserted through the front access
panel of the liner, and a sensitive , glass mercury thermometer
is attached to the sample tray placed in the liner.
pgeration
In operation , one inch of distilled water is placed in the bottom
reservoirs of the chamber and plexiglass liner. An empty tra y with
attached glass thermometer is placed in the bottom rack of the liner
and the doors of each are closed. The temperature controller is energized and adjusted or calibrated to the desired temperature setting
with the glass thermometer inside the liner . After the desired temperature is achieved, the tray is removed and samples to be tested are
placed in small screen wire baskets on the tray . The tra y is r eplaced
in the liner and accelerated aging begun. After agi ng for the desired
number of hours or da ys , the samples are removed and standard germination tests are made .
The less severe accelerated aging condition of 3 0° C and 7 5% R. H. ,
which is apparently best for several kinds of seed, can be easily achieved.
A saturated solution of sodium chloride (excess salt in solution) will maintain a 7 5% R. H. in a c lo sed container . We use a large plexiglass box
or humidity chamber and simpl y place it in a 3 0°C room .
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The most satisfactory accelerated aging conditions for several
kinds of seed are given in Table 1. Selection of best conditions for
specific situations should be based on highest coefficient of correlation.

Table 1.

\

Summary of best accelerate'd aging regimes for evaluating the storabilit y of seed lots and
their cotr elation with responses of seeds in open storage at MSU.

Crop/
AA Conditions
Alfalfa
4 0°C -1 0 0% R . H. - 12 0 hrs •
42°C-100% R. H. -84 hrs.
300C-75 % R.H.- 6 weeks
Bromegrass
450C-100% R. H. -72 hrs.
300C-75 % R.H.-6 weeks

6

Germination % in O~en Storage at MSU {mos.}
18
21
9
12
15
24

r/
----.635
.659

2/
.890.::. .850
.756
. 755
• 7 51
.692

.795
.978

.839
.966

.880
.736
• 825

.597
. 641

.579
.557

.5 41
• 612

--

--

---

.928
.538

Corn
420C-100% R.H.--84 hrs.
300C-75 % R.H.-24 weeks

--

--

.722
.837

.855
.835

' ---

.827
.824

Crimson Clover
400C-100% R.H.-72 hrs.
· 300C-75 % R. H. -9 weeks

• 851
.893

.864
.900

• 961
.946

• 961
.956

.953
. 941

Fescue
420C-100% R.H.-84 hrs.
30°C-75 % R.H.-9 weeks

.953
.976

.968
• 951

.936
• 902

--

--

Garden Beans
4 2 oc -1 0 0% R • H • - 72 hrs •
300C-75 % R.H. -16 weeks

.537
.893

---

.666
• 9 09

-~

--

. 701 .
.669

27

30

.578
.55 4

.495
.469

---

.867
.438

00
(,!)

T~e 1 (continued)

Crop/
AA Regime

6

Germination % in Oeen Storage at MSU_Jmos.}
18
21
24
9
12
15

Lespedeza
300C-75% R. H. - 3 weeks
300C-75% R.H. - 6 weeks

.856
• 841

.979
.875

.876
.940

Lettuce
400C-100% R. H. - 72 hrs.
300C-75% R.H. - 15 weeks

-• 701

.695
• 849

.716
.880

---

--

--

---

---

--

Red Clover
40°C-100% R.H.-72 hrs.
30°C-75% R. H. -9 weeks

.895
.940

.880
• 910

Sorghum
4 5 oc -1 0 0% R. H. - 7 2 hrs •
30°C-75% R.H. - 12 weeks

---

Soybeans
400C-100% R.H. -42 hrs.
3QOC-75% R.H.- 9 weeks

.826
.859

-• 914

.848
.977

• 861
• 931

---

.877
.900

---

.908
.882

--

-.936

• 914
• 917

.720
.763

.954
.957

• 918
• 919

.930
• 885

.948
.938

---

• 917
.939

.928
.960

.959
.967

• 921
• 931

.875
. 912

.885
.736

.717
.939

• 811

<.D

27

30

.924
.924

.953
.944

0 n1on
.
.11

·400C-100% R.H. -120 hrs.
30°C-75% R.H. - 4 weeks
Radish
45°C-100% R.H. -48 hrs.
300C-75% R.H. - 24 weeks

\

0

Table 1 (continued
Crop/
AA Regime·

6

Timothy
420C-100% R.H. -72 hrs.
300C-75 % R. H. - 6 weeks

.677
• 919

Watermelon
450C-100% R. H. -144 hrs.
300C-75% R. H. 18 weeks

.539

Wheat
450C-100% R. H. -48 hrs .
300C-75% R.H. -12 weeks

Germination % in Open Storage at MSU (mos.)
9
12
15
18
21
24

.760
910
0

27

30

• 614
• 841

.647
.892

.623
• 815

.858
. 925

.703
• 853

.8 27
.885

• 7 51
.540

.923
.925

.967
.890

• 731
• 641

.953
. 91 5

.872
. 814

l? ---

Indicates data not available, not the lack of statistical significance.
_g}All coefficients of correlation are significant at the 1% level of probability .
3/'Periods of open storage for onions represent weeks instead of months.

c..o
.......
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QUALITY CONTROL AND CUSTOMER SERVICE
Howard E. Ka erwer

ll

Customer Service 11 can be defined as 11 providing seed products which
produce satisfaction and offer the farmer the potential to make more money
from the res '!lting crop. 11
11

Examples of Customer Servi ce includ e the informed and pleasant
salesman, literature describing the products and their use , packaging which
protects and identifies the product and having the seed available when and
where needed. Prompt help for the farmer with problems is a vital part.
All of these are important and common in the seed trade . However, they
are not enough .
Customer satisfaction requires a seed product in such a condition that
it can realize its maximum genetic potential. High quality, vigorous seeds
can aid the farmer establish his crop under natural , mechanical or man-made
adversities. High seed quality is reflected in the yield obtained from the
resulting crop. Every ·s peaker at this Conference has emphasixed the desirability of vigorous seed and has provided information on how quality seed
can be obtained.
Quality control produces quality seed and improves customer service.
Quality control insures increased sales and profits. Satisfied customers are
easi e r to s e ll than new or dissatisfied ones. A farmer who ma kes mon e y
with a variety is more willing to allow the see dsman a fai r profi t. A successful seed company requires a high percentage of repeat sa l es to satisfied
customers for maximum profit. Quality control is one step toward insuring
repeat business.
Q uality control begins with knowl edge of c ust omer r equirements
and potentia l croppin g pra ctices in relation t o t he s eed pro duct. Both th e
limitations , as w ell a s the potential of s eed prod u c ts must be understood.
Recognition must b e giv en t o the fact that va ria bility ex ists when dealing
with liv ing plant mat erial .
Ea c h qua lity c ontrol procedure mu st be ba sed o n w e ll d e fined and
sp ecifi c t est o bjectives . Certain as sumpt ions n eed t o be made in dev e loping test techniq u es and the s e assumptions req uire validation or errors
of interpretation will res ult . Sta n dardized and repeatable proc edures
including minimum specific a tions and allowa ble d eviations a r e required.
T e st proc ed ures mu s t a llow ra pid and economic handling of t he anticipated
sampl e volume. The results obtain ed must pr ovide the bas i s for ma k ing
practical deci s i o ns
0

l/Mr. Ka erw er is Mana ger of the Res earch-Service s Department , Northru p,
King & Company, Minn eapolis , Mi nn .
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Quality control is not a laboratory art. It is applicable to all
portions of the seedsman' s operation. Breeding, seed stocks, production,
processing, storage and handling operations are all amenable to quality
control. Certain quality control observations may not be so identified
and often merge into routine business practices. Often opportunities to
improve your business efficiency through improved seed quality are overlooked. Procedures need to be upgraded routinely to take advantage of
new technology and to eliminate inefficiencies and slight changes which
invariably crop into any established standardized procedure.
Quality control for seedsmen begins with the maintenance of gentic
purity. Breeders have the obligation to provide stable parent lines which
allow "true-to-type" production under normal commercial conditions.
Preproduction microplot trials in areas of intended production can help to
identify potential problems and provide production technique solutions.
Seed stock quality is extremely important. Genetic purity must be
maintained. Errors introduced in the intermediate generations can multiply
manyfold by the final increase. Extra care is necessary to maintain isolation, freedom fran volunteers and rogues, and to keep diseases, insects
and especially weeds to an absolute minimum. Every effort should be made
to insure a proper nick. Here is a most critical operation. A firm that
skimps on seed stock personnel and facilities is guaranteeing it will have
trouble maintaining varieties. Undoubtedly they will also lose seed sales
due to unsatisfactory performance in their customers' fields. The men
assigned to seed stock operations need to be sticklers for detail. Records
must be precise and all seed stock clearly identified. Seed vigor must be
maintained even when the seed is stored; for a number of years.
Seed production quality control begins when the field man selects
future production fields. It is important that he know the history of the
field for several preceding years. He must ascertain their freedom from
volunteers of the same specie, and that adequate isolation is possible.
He should have some idea about the field's potential productiveness.
Fields and farms which are up and down in production should be eliminated.
Work loads must be limited so production personnel can concentrate on
producing high quality seed. High seed yields from limited acreage is
economically sound. Seed production personnel should strive for uniform
year after year yields and seed quality.
It is expensive and often self defeating for a salesman to sell a

variety that is withdrawn because of unexpectedly low seed yields or poor
seed quality. Not only is this poor customer service, but it also may open
the door to competition. Conversely, exceptionally large unexpected
inventories are expensive to store; deterioration of seed quality can be
expected.
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Field inspections are important. There is no better method for
recognizing rogues, the possibility of missing nicks, chance fertile
plants amongst the steriles, and other factors influencing genetic purity,
yield and crop progress. Often field men can adjust practices to improve
nick if inspections are made early enough and action taken. Observations
can be made which will dictate i mproved practices in future years.
Inspections are necessary to determine the need for extra weed
control, changes in irrigation practices and to dictate future fertility
requirements . Growers are likely to exert more effort producing a
quality crop if they know the field man and his company are interested
in quality production. How the contract is written between the company
and the farmer can also influence seed quality .
Complete weed control is difficult to obtain in the field. Often
less than 100% freedom from weeds is accepted by field men as a fact of
life. The removal of weed seeds is then left up to the millers . However,
sizing to remove weeds is expensive and often requires additional time and
equipment. It is almost impossible to remove all weed seeds even with
laborious and expensive special milling . W e ed elimination should be
an important part of the field man's quality control program.
The maturation and harvest period can have a major influence on
seed quality. Maturity , field management , harvesting equipment and climate
all influence not only yield and germination, b ut also seed v i gor and the
final yi e ld of the succeeding crop . This subject is involved and beyond the
scope of this discussion.
)
As experience mill men know, each kind of seed r equires certain
;~creens and techniques to size seed properly and to remove w eed seeds.
Not always fully r e cognized are the size, weig ht and d ensity differences
within and betw een lots which may allow the miller to produce furth er
improve me nts in germination , vigor , or purity. A know l edg e o f the s eed
structure and germi nation procedures for each specie and variety , as well
as sizing techniques a nd w eed id ent ification , can aid mill men to perform
more e ffici ently.

Processing quality control begins in the mill room . A mill e r must
i nsp e ct the fractions fr om his mills t hroug ho ut a r un and make n eces s a ry
adjustments . Ma g nifying e q ui pment , bushel weight meas tires, moisture
meters , planter units and dye s ol utions for check ing physical d amage
can aid the mill er s to do a b et ter processing job . Quick g ermination tests
such as w ith Tet ra z olium can sometim e s aid i n a d j u sting mills to improve
germination q uality . Altho ug h it is not alwa ys possib l e to dire ctly scale
up from micromilling to pro d uc tion eq ui pme nt , laboratory equi pm e nt can
often aid i n identifyin g t echni que s for ma k ing diffi c ult separations.
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Proper blending of lots can be difficult. Accurate information on
the component lots and good equipment can reduce blending inaccuracies.
A draw-off tank should be allowed to empty at frequent intervals to reduce
segregation error. The uniformity and amount of seed treatment must be
checked several time a day.
Samples drawn during processing, whether for the miller's inspection or for the seed laboratory, must be representative. Sampling often is
the greatest source of inaccuracies in a processing plant. Standardized
procedures must be explic,::it and followed rigorously.
Quality control in the mill room requires periodic inspections of
mills, elevators and other equipment. A slide installed within a bin to
reduce impact damage is worthless if it has broken loose. A mill with
worn and loose parts cannot be adjusted and secured. All equipment must
be easy to clean and cleaned thoroughly between lots.
Each crop has its own special requirements. Millers must be well
trained in the operation of their equipment and its effect on the crops being
processed. As an example, snap beans $UStain internal damage when processed at moistures below 12%. Good quality grass seed may b e blown
into screenings due to its light weight unless the miller is extremely careful to adjust the "wind" during milling.
The need for guality control continues during storage of the seed .
Techniques such as "rapid aging" or cold tests will aid in determining
the ability of a particular seed lot to survive. A knowledge of fi eld
conditions during maturation can also help in predicting storage qualities.
Storage time limits should be determined from the atmospheric
conditions whi ch can be expected during storage. Past storage ex perienc e
with a particular kind of seed should be recognized. Dr. Jam e s Harrington's
"rule of thumb" works well. He has stated that any time the t e mp erature
(degrees Fahrenheit), plus the humidity (percent) equals or is over 100,
storage conditions are unsatisfactory. An inex pensive way to keep track
of storage conditions is to hang "minimum-maximum" thermometers in th e
warehouse and make daily observations. Humidity can be est imated,
using a sling psycrometer. Hygrothermographs provide constant t e mperature and humidity recordings. Seed moisture equilibrium tables are us eful
in predicting safe storage moisture levels at prevailing temperatures and
humidities. A crop harvested in the fall and planted the following spring
probably only requires dry and cool storage. Insulation and artificial
cooling may be necessary as the storage tim e period increases.
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Plant sanitation is v ita l in providing quality products . Constant
inspections are necessary to keep insect and rodent damage to a minimum.
Packaging also enters into q uality contr ol. The container should
not only identify the seed con tained , but pr event mixtures or shipping
errors. Vapor barrier or water barrier packages may be warranted when
transportation or storage facilities a r e inadequate .
Storage and handling fa c iliti es aft er the seed leaves the seed house
can defeat all previous care . Seed may be deliv er ed to dealers or farmers
six months prior to planting.
Continu ed adequate stora g e is necessary to maintain seed quality.
Company salesmen must be awar e of this need. They should encourag e
distributors and dealers to provide satisfactory facilities . Reference to
proper storage of seed in pamphlets and at sales meetings is justified.
Quality control pro cedures must be practical . Costs must be
kept within reasonable bounds consistent with profit potential and value
r endered. Quality control proc e dures do not have to be costly. They
provide customers with improved seed performance and more profit and
should be covered as part of the sales pr ice. Vigorous high quality
seed can minimtze complaint calls , reducing costly diversions of sales
and research personnel .
Anot her practi cal consideration is the timing of qua lity c ontrol
proc ed ure s . Facilities must be adeq uate to handle planned vol um e and
to provide information as rapidly as needed. Seed qualit y should be
evaluated as soon as a seed lot can be sampled accuratel y. Low quality
seed can ra r ely be upgraded and s ho uld be aba ndo ned ea r ly. The assumption
i s ofte n mad e t hat t echniq u es stay uniform . There i s alwa y s the possibility
of drift a llowing error in interpr eta tion . Error can b e moderated by hiring
int er e s ted a nd tra ined i ndiv iduals
Dr ift c an als o be mec hani cal . Two
germination cha mb er s seld o m operate in an identica l manner . Technique
can be a factor o Pro ximity of se e d i n a t est c onta i ner can have a n effect.
As a n exa mp le u toxi n s of pathog ens can effect the re sults wh e n s eeds are
plant ed too close , Sta ndard c o ntrol s shou l d b e us ed for referen ce throug hout
all t e sts . In s o me i n stances u fie ld te s ts are u s e ful . How e v er , t he relationship b etween fie l d t e sts and laboratory c ontrol proced ure s i s rela tiv e
rather than s peci fi c .
0

Germinati on and purity tests should n ot be run sol e ly for printing
on officia l tags . The se exa mina tions ma y b e run i n much t oo routin e
a fa shion and usef ul i nformation is ignored . Analys ts s houl d l ook to
deta ils . Oft e n t h ey ca n make pre diction s o n per formance simply by
taking an early count a rd o b s erv ing se e dlin g vigor . Malformations of s e e d
and dis ease pro blem s ca n a l s o be spot ted . If germination or p urity tests
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are extraordinary perhaps the miller should be consulted.
able to adjust his procedures and improve seed quality.

He may be

1

Emergence potential or vigor tests 1 as well as rapid aging 1
Tetrzaolium , and other techniques can be extremely useful. As improved
techniques are developed , vigor tests will become even more important.
Each technique provides different information; each requires interpretation
and analysis. Quality control personnel need to be alert to the possibility that technique is not as specific as desired or that interfering
interactions may cloud conclusions. Consider the cold test as an
example. Slight cha nge s i n moist ure or soil compaction can effect the
results . The cold test do es not mea sure potential performance countrywide . Rat h er , it a dds a not h er dimension for interpreting the relative
quality of seed and can be used a s a bench mark .
Seed disease s need to be cons i der ed. Tec h niq ues need to be
developed As an example , c on s ider a me t ho d for identifying · lettuce
mosaic virus. We foll owed t his procedur e . Ten thou s and seeds are
first planted. If no infected s eeds a r e spotted , a n ot her 10 000 are
planted until a total of 3 0 , 000 ha ve been inspe c ted for mosaic virus.
At this point , if no di s ease s y mptoms are noticed , we consider the seed to
be mosaic fr ee .
When anoth er livi ng or gani s m besides the germinating
seed is i nvol v ed , intera c tio ns ar e pos sible a nd eval ua ti ons become more
complex . Conditi ons in the t e st mu st b e such tha t symptoms can be
expressed . Symptoms -l ess se e d lin gs a re no t a lways ev idence that no
disease is present.
0

1

11

II

Another example of an organi sm , pl u s pla nt relationship is the
interaction of Rhizobium nitrogen fix i ng bact e ria and l egume seeds.
If test conditions do not allow the growth of healthy seedlings , no nodules
will be formed even though bacteria a r e pres ent , We ha v e r e c overed
Rhizobia from the root surface and internal port ions of nod ul e fr ee plants.
The objectives behi nd bo t h q ua l ity contro l a nd customer service are
complimentary . Both acknowl edge s up er ior prod uct per formance to be a
major factor in motiva ting c us t omer s a ti s fa ction a nd profi tabl e sales.
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SEED QUALITY AND PERFORMANCE RELATIONSHIPS
C. Hunter Andrews

1/

A uniform stand of vigorous seedlings from a single (first) planting
is essential to an economically successful seed production program. Each
year seedsrr:en replant at least part of their over-all acreage because of unsatisfactory stands . Replanting adds much to the costs of production of
seed, directly as added costs for additional seed, land preparation,
herbicide application , labor , etc. , and indirectly because of disruption
of the timely scheduling of other critical operations which are important
for successful seed production operations.
Even though stand failures can result from any one or a combination
of factors - poor seedbed preparation, low temperatures, unfavorable
moisture , soil microorganisms and chemical injury- LOW QUALITY SEED
are probably a major contributing factor to many stand failures. Seed of
low quality are very susceptible to adverse conditions and stresses in
the environment of the seedbed, and they usually produce an acceptable
stand only under the most favorable conditions.
The general quality of some seed , cottonseed for example, is often
relatively low as compared to seed quality of most kinds of seeds . This
situation leads to a dependence upon complex and heavy applications of
seed treatments to compensate for low seed quality. And in many other
cases, soybeans for example, seed quality is not uniformly high from year
to year due to either severe weathering or to mechanical damage.
Indeed low quality seed fail to emerge from the seedbed under the
wide range of conditions often · prevalent at planting . Therefore, the seedsman is confronted w ith the dilemma of deciding wheth er his "STAND" is in
fact a stand or whet h er r eplanting w i ll prov e economically advantageous.
In many instances a seedsman is l ik e ly to "GO" with a seed field which is
actually marginal or sub- optimal i n its potential to produce maximum yields.
And even a s s umi ng t ha t the growing conditions are such that the
weaker, poorer qualit y seeds do em erge , e v en t h ough at a slower rate;
their potential to p er form a n d comp ete is questiona bl e. True, the surviving
stand may appear adeq uate , but it is rather doubtful if the entire population is equally c om p e t itiv e.
In studyi n g the effect of s eed quality o n response-reactions of
seeds, hybrid s orghum s eed were a rtifi c ially aged for 3, 5, 7 , and ll

1/
- Associate Ag ro nomis t , Mississip pi Agri cultural Experiment Station,
State College , Mi s s i s s ippi .
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days, which produced vigor levels (quality ratings) of high (3 days)
medium (5 days), low (7 days), and very low (11 days) , respectively.
A fifth treatment consisted of mixture and the check (zero days or nonaged seed) and seed of the lowest vigor level, L4 (aged for 11 days at
42°C- 100% r.h.).
Results showed that seed vigor decreased as measured by
stand establishment and percent panicle exsertion, and plant height
differed more at 23 days than at 90 days (table 1).
Table 1. Response-reactions of different vigor levels of sorghum

Panicle
Ex sertion
(%}

Vigor
Levels

Std.
Germ .
(%}

Stand
Estab.
(%}

Avg. Plt.
Ht. (mm}
23 days
90 days

La

97.0

83.3

448

924

45.8

Ll

9 6. 0

85.0

429

948

42.3

L2

95.5

91.3

421

911

43.7

L3

95.0 .

81.0

400

932

21.3

L4

86.0

71.3

347

907

20.0

392

897

24.5

Ls (0+ 11) 91.0

The adverse effe cts o f low s eed vigor was also ob s erv ed on fiel d
p erformanc e as me asured by t iller i n g and yield (Ta bl e 2) • The c o mpos ite
treatment consisting of a seed mixture of the non-aged seed and the
lowest quality seed performed mor e poorly than any of the other treatme nts as far as yield was conc erned.
Table 2. Yield r esponses o f different v igo r l e v e ls of sorghum
Vigor
Lev e ls
Lo
Ll
L2
L3
L4
L5

Prod uctive
139a
12 5a b
l OOb c
72c
67c
60c

No. Tillers
Unproduc tive
59 a
5 0abc
2 8d
4la b c d
Sl a b
54a bcd

Tot al
19 8
175
12 8
11 3
11 8
114

Tiller
Yield
(gm}
22 5 .2a
187 . 6ab
17l .Oabc
104 .6d
145.9bcd
127.3 cd

Total
Yi e l d
Kg/treat
4 .5
4 .2
4 .3
4.1
3.9
3.8
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Furthermore, seventeen soybean seed lots were evaluated by the
standard germination test, the accelerated aging technique and a cold
test procedure. Although somewhat variable, yield data showed that two
lots, nos. 3 & 4 in which more than 50% of the seeds were dead, yielded
extremely low. Lot number 5, a hand harvested lot gave highest yield
of 47 bushels per acre (Table 3).
Table 3.

Lot
No.

1
2
3
4
5
6
7
8
9
10
ll
12
13
14
15
16
17

Performance evaluation of 17 soybeans seed lots

Std.
Nor.
%
75.0
58.0
20.5
25.5
89.5
82.5
80.5
95.5
93.5
92.0
94.5
87.0
94.5
90.5
85.0
85.5
95.5

Germ.
'Abn.
%

Test
Dead
%

Accel.
Test
%

Aging:
Abn.
%

9.5
22.0
11.5
10.5
7.5
12.0
13.0
4.0
3.0
7.0
4.5
ll. 5
4.5
8.0
l2. 5
13.0
3.5

15.5
20.0
68.0
64.0
3.0
5.5
6.5
0.5
3.5

54.5
53.5
8.5
8.5
84.0
87.0
89.5
95.5
93.0
91.5
89.0
83.5
95.5
93.5
80.5
83.0
94.5

18.0
24.5
4.0
8.5
1.5
8.5
7.5
3.0
5.0
6.0
6.0
14.0
4.5
5.0
14.5
13.0
3.0

l.O
l.O
1.5

l.O
1.5
2.5
1.5

l.O

Test
Dead
%
27.5
22.0
87.5
83.0
14.5
4.5
3.0
1.5
2.0
2.5
5.0
3.0
0.0
1.5
5.0
4.0
2.5

Cold
Test
%

Yield
Bu/a.
%

10
26
0
0
96
88
88
94
82
80
82
68
88
94
94
94
94

42.03
42.17
8.46
20.09
47.10
31.30
36.97
33.65
37.40
36.58
39.42
27 .ll
43.68
42.24
3 6. 67
38.77
45.61

Considerable loss in seed quality sterns directly from mechanical
injury. Seed corn with four dama g e levels, 11.5, 17.0, 23.0, and 40.0
percent, ·were evaluated for their response-reactions. The two lots with
highest damage w ere slower grow ing in early plant performance stages
(20 days); however, at 40 da y s this difference was negligible (Table 4).
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Table 4. Average plant height of four lots of seed corn with different
degrees of mechanical damage at two intervals after planting.

Treatments
(% damage)

Average Qlant height in ems.
40 days old
20 days old

11.5

59.08 ab

.. 164.88

17.0

57.65ab

.162. 90

23.0

52. 60 c

1-56.57

40.0

51.83 c

155.00

Although the yield reduction at the highest injury level was 15%
it was statistically non-significant. However shelling percentage did
show a significant reduction at the highest level of mechanical injury
(Table 5) •

I

I

Table 5.

Effect of mechanical damage on the germination 1 total field
emergence stand establishment and yield of four lots of seed
corn.
I

Damage
Level
%

Germ.
%

Field
Emerg.
%

Stand
Estab.
%

11.7

98.0

88.75

86. 50

1774.08

-----

70.69a

17.0

95.0

89.38

85.80

1717.60

3.19

70.12a

23.0

95.0

85.75

79.15

1705 .98

3.84

68.45a

40.0

95.5

85.63

78.30

1599.66

15.47

62.80b

Yield
Kg / ha

Yield
Reduction
%

Shelling
%

Various investigations have been conducted concerning the effect
of seed size a definite s e ed quality param eter upon seed and plant
performance. Work with some v e getabl e see d has b een enlightening.
Turnip seed were sized into 4 groups.
I

1
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Large - seed screened over a 1/15" round hole
Medium
1

-seed screened thru a 1/15" and over a 1/17" round
hole

Medium 2 - seed screened thru a 1/17" and over a 1/19" round
hole
Small- seed screened thru a 1/19" round hole
Although germination differed little selected response-reactions
declined as seed size declined (Table 6).
Table 6.

Seed
Size

Response-reactions of sized turnip seed

Std.
Germ.
%

Field
Emerg.
%

30-day
Seedling
Fresh Wt.
(gm)

36-day
Seedling

Leaf Count {15 Plts}
50 da
80 da
36 da

Dry · wt · ~

(gm)

L

99.9

86.8

35.4

4.3

88

128

169

M1

99.3

80.2

21.0

2.7

82

110

155

M2

99.0

76.2

15.5

2.0

80

108

138

s

96.0

72.7

15. 1

1.8

79

107

137

Yield components declined consistently as seed size declined
(Table 7) .
Cabbage seed were sized into size groups as follows:
Large- seed screened over a 1/13" round hole
Medium - seed screened thru a 1/13" and over a 1/15"
round hole
Small- seed screened thru a 1/15" and over 1/17"
round hole
Seed germination was affected very little due to size differences;
however, other response-reactions decreased considerably as seed size
declined (Table 8) •
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Table 7. Yield components from sized turnip seed

Seed
Size

Leaf
Fresh Wt.
gm/121t
105
80

80

Root
Fresh Wt.
gm/121t
135
105

w

Mean Root Size {mm}
80
135
105
L
w L w L

L

63

56

34

72

61

37

60

51

67

41

59

Ml

52

48

26

58

59

31

53

49

60

45

52

M2

45

47

24

57

58

30

42

31

52

43

53

s

43

46

23

48

53

29

34

37

35

44

44

Table 8.

Seed
Size

Response-reactions of sized cabbage seed

Std.
Germ.
(%)

Field
Emerg.
(%)

36-day
Seedling
Fresh Wt.
{gm}

36-day
Seedling
Dry Wt.
{gm}

Leaf Count
10 J2lt. avg.
36
so 80

L

93

88

13

1.8

38

54

82

M

94

79

8

1.1

31

47

73

s

89

78

6

0.7

30

46

72

In evaluating seed quality of cottonseed based upon specific
gravity, seed o f the lowest specific gravity below • 88, performed
significantly inferior to seed of higher specific gravity. Due to the
reduced plant population, bolls per plant were not reduced (Table 9).

105
Table 9. Response-reactions of different gravity groups of Coker
2 0 1 cottonseed.

Specific
Gravity
Group

Std.
Germ.
(%)

Field
Emerg.
(%)

4-wk.
Plant ht.
em.

Dry Wt.
per plt.
(gm)

Bolls
per plt.
(No.)

Composite

54.67b

64. 50a

16.23a

. 94

10. 62ab

0.88

38.00c

33.25b

12.78b

.77b

ll. 62a

0.88-0;93 . 50.33b

60.25a

l5.03a

.82ab

8.50ab

0.93-0.98

67.33a

65.75a

15.94a

. 96a

7.87b

0.98-1.03

55.00b

65.00a

15.93a

.86ab

8.37a

Continuing emphasis is being devoted to evaluating seed and
seedling vigor and determining its influence upon growth parameters
and final yield. Current research is directed towards investigating the
nature and sequence of deterioration (seed quality) in many kinds of
seed. It is desirable to determine the influence of seed deterioration
on germination, emergence, growth, development, and reproduction
of seeds. Ultimately, it would have significant impact upon the
seed industry to. establish a maximum degree of deterioration {quality
rating or index) that can be sustained by seeds without significantly
affecting their germination, emergence, and subsequent plant performance.
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CHANGES IN CONCEPTS IN SEED TREATMENT
AND TREATMENT MATERIALS

1/

Dr. T. C . Ryker-

Seed treating has become a standard practice and an adjunct to
seed processing as a means of maximizing crop performance. In a broad
sense, seed treatment is any additive or process utilized to improve
potential performance. But it is not in a static condition. Today, more
than ever before, ch?hges are occurring in methods and materials. Some
of these changes represent the usual evaluation of better materials and
processes, while others are the result of changes of attitudes toward
what constitutes safety in the environment.
WHY TREAT
With the present high investment in land, equipment and land
preparation, and in the use of herbicides that affect both replanting and
rotation considerations, the grower cannot afford to replant because of
disease if any other alternative is available. Adequate fungicides as
part and parcel of fully-processed seed are his best insurance.
Treating seeds with a fungicide is one means of getting rid of
certain seed-borne, disease-producing organisms, such as t h e loose
and covered smuts of grain, anthracnose and bacterial blight of cotton,
barley stripe or wheat scab. This is termed disinfesting or disinfection.
The mercurial fungicides have set the standard of attainment. Hot water
treatment may also be used to disinfect, or seed production can be
restricted to arid regions of low disease incidence to produce bacterial
blight-free bean seed.
Seed tre a ted w ith a fungicide i s one means of supplying a protective barrier against soil-borne organisms such as Pythium , Rhizoctonia,
Fusarium and Thiel aviopsis that may rot the seed or blight the developing
seedling. Such treatments are called protectant s. The need for protectants incre a ses in proportion to the adversity of t he germinating condition.
This a dversit y i s utilized in so- called cold tests to measure potentia l
field performa nce. The treated seed i s germinated at reduced growth
temperatures in the presence of some field soil. Dust and slurry products
based on captan and thira m have be en the sta ndard protectants.
11

11

An insec ticid e ma y be add ed with the fungicide to protect the seed
from storage ins ec ts a nd the seedling from cer tain soil insects.

l/ Dr. Ryker is Product Development Manager, Fungicides
Industrial and Bioc hemicals Department , E. I. du Pont de Nemours arrl Co.,
'Wilmington, Delaware
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We may utilize the seed as a vehicle for placement of a
systemic fungicide or insecticide to permit root uptake.
THE MERCURIALS
Certain volatile mercurials, such as those used in Panogen
and ''Ceresan products and referred to as alk yl mercuries were the
standards for the treatment of small grains and cotton-crop seeds that
are highly tolerant to mercury. The wide acceptance of these mercurials
relates to (l) high disinfecting properties; (2) volatility that assured ·
more complete coverage through the movement and adsorption of vapors
into cracks, creases and under hull seed parts; (3) effective retention in
the seed coats to effect good seed-rot protection; (4) relatively low cost;
and (5) the convenience of liquid formulations, once suitable treating
machines were developed.
11

11

11

The cancellation of mercurials opens consideration for certain
older materials, such as maneb as well as offering a continuing opportunity for the development of n ew a nd better treatments. Unfortunately,
the costs will probabl y be higher and new treatments ma y be more
difficult to use. New products will require considerabl y more research
information for registration thus increasing costs.
I

I

SPECIFICS AND SYSTEMICS
Some of ~he newer chemicals, a nd p a rticularl y those we term
systemics, justify a brief word . In developmenta l efforts for more
effective, broad spectrum fungicides it appears that a plateau has
been reached. But there is progress with materials that have high
selective and/ or s ystemic properties. It i~ the greater fungicidal actions
of t h ese specific fungicides a s contra sted to broad protective action that
makes them of i n terest even though the y are selectiv e. After all, we are
dealing with the effects of c hemic a ls on protopla sm which is common to
both the fungus and the host pl ants. This fact gives researchers a
narrow margin within which to work .
I

Sometime s two or more compounds are combined in the treater
tank to give the spectrum of a ctivity needed. We can add Dexon for
Pythium, Stre ptomycin fo r bacteri a , PCNB for Rhizoctonia o r Demos an
chloroneb fungicide fo r seedling protection against both P ythium and
Rhizoctonia. Materials may be combined in a product suc h as manebcaptan (TSP-7 5) for pe anuts and thiram + Demosan for cotton and PCNB +
Terrazole (Terra-Co at L- 21 ) for cotton .
11

11

11

11

11

11

11

11

The conventiona l f ungicides either specific or broad spectrum are
non-s ystemic protectants. Effe ctive use requires complete coverage of the
seed surfa ce and treatment doesn't have much influence be yond that point.
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The desirability of having materials that would move inside the
plant to reach a fungus which is not influenced by the protectant has long
been recognized. Such a m.aterial is called a systemic or therapeutant.
It moves through the host plant to control or retard the growth of the
fungus without affecting the host's metabolic system.
There are now a number of systemic fungicides that will have
applicability to seed use. They are all selective or specific and should
be used in conjunction with a seed protectant that covers the gaps.
These new systemic fungicides include:
l.

"Demos an" chloroneb fungicide in which roots of
dicotyledonous plants pick up the fungicide and
concentrate it in the hypocotyl region to protect
the seedlings · or make them resistant to attack from
Rhizoctonia and Pythium.

2.

"Benlate" benomyl fungicide which, when applied to small
grain seeds, controls not only bunt or covered smut, but
also is taken into the seedling to control the internal loose
smuts. These smuts were previously controlled only by the
hot water or cold water soak treatment. It has high activity
for Rhizoctonia, Fusarium, Thielaviopsis, anthracnose and
powdery mildew. It may be combined with thiram to complete
the spectrum. "Benlate" is not, as yet, registered for
commercial use as a seed treatment.

3.

"Vitavax" carboxin fungicide will control the smuts similarly
to "Benlate" benomyl fungicide. "Vitavax" is also active
against Rhizoctonia and Helminthosporium. It ma y be combined with thiram or captan for seed-rot protection.

4.

There are some materials of European origin that will be
evaluated in the United States. Suffice it to mention
two related compounds : ethirimol, specific for powdery
mildew of cereal, and d imethirimol, specific for powdery
mildew of cucurbits .

REPLACEMENT TREATMENTS FOR SMALL GRAINS
Because mercurials in the past were effective, there was no
pressing need to se arc h fo r other treatments nor for the experimental
stations to maintain ex ten sive test programs. Dr. E. D. Hansing at
Kansas State Univ ersit y ha s a program under way to give some of the
answers on replacement treatm ents. His seed treatment evaluations
are reported in their Ch em ical Task Force reports.

llO
As replacements for the mercurials, the familiar seed protectants
based on thiram or captan will prove reasonably suitable for wheat,
barley and r ye, except under extreme smut and Helminthosporium fungus
infestations. The y are solids that must be applied either as dusts or
slurries. Thorough seed coverage is essential, but there is some
question whether they will prove adequate for oats where the smut spores
and Helminthosporium fungi are present under the hulls.
Maneb is an effective treatment at planting time. It probabl y
doesn't have the seed storage stability of thiram or captan, but it is
more effective than either one in its dis infesting properties particular! y
needed for oats.
HCB (hexachlorobenzene) has long been a specific for bunt or
smut of wheat. It has been widel y used in th e Pacific Northwest
because of its unique control of soil-borne bunt that occurs in that area.
It is not effective for smut of the other grains or for seed rot or seedling
blight organisms, but may be combined with captan to control these
problems.
New treatments may be expected to come on rapidl y . "Vitavax"
is presently cleared for seed production grain. "Terra-Coat" L-2 05
will be in development phases. "Benlate" T, a mixture of benomyl and
thiram, and maneb mixtures are being eva luated.
REPLACEMENT TREATMENTS FOR COTTON
The Cotton Disease Council conducts beltwide seed treatment
trials on cotton annually. These tests give th e relative performance of
accepted as well as experimental compounds and the result s are made
available. There are a number of suitable treatments for cotton that
include thiram and captan combined with " Demos an " chloroneb
fungicide as well as newer materials such a s "Terra-Coat" L-2 1,
"Bus an", "Daconil" and "Vitavax" . The major question fo r the future
is what happens to anthracnose and bacterial blights whic h were
eliminated in many areas through the use of mercurial s .
Today in seed treatments we a re tempora ril y at a point of
disruptive cha nge. The rel ative l y stable mercur y seed treatment period
is over. Many new compounds are being evaluated a nd new approaches
in seed treatment are forthcoming. Hope fully, this new challenge will
produce seed treatments tha t will eventuall y s urpass thos e of the pa st
and be more acceptable in the broad ecological picture.
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Table 1. Effect of seed treatment on control of seed decay, seedling
blight, and bunt of wheat. E. D. Hansing, Kansas Task Force Reports,
August, 1970.

Treatment

Form 1

Rate
oz/bu

Percent bunted SQikes
Da:ts Qlanted after
Percent emergence
treating
8
23
Guide Shawnee Mean 5

64
Check, not treated
Fungicide check
Ceresan L
78
0.5
L
Panogen 15
0.75
80
L
Mercurial fungicide
3
Panogen 15
0.5
L
PMAA3.5
0.5
68
L
1
70
PMAA 3. 5
L
Nonmercurial fungicide
84
Arasan 75
WP
l. 33
Arasan 75 + Benlate WP
0.5+1.5
81
Arasan 75 + Benlate WP
1 + 2
80
Arasan 75 + Benlate WP
1.5+1.5
80
Benlate
WP
2
62
Captan 80
l. 25
WP
85
Captan- Dieldrin 6G-15 WP
l. 67
81
Delsan A-D
79
WP
l. 67
p
DB-Green
78
2
p
DB-Green
4
84
p
DB-Yellow
2
81
p
DB-Yellow
4
85
Dithane M-45
1
WP
80
Dithane M -4 5
78
WP
1.5
Di thane M -4 5
WP
84
2
Dithane M -4 5
WP
2. 5
80
p
Granol N-M
77
2
p
Granol N-M
4
77
p
GranoxN-M
78
2
p
Granox N-M
4
79
Polyram 53
78
WP
2
Polyram 53
79
WP
3
Polyram 53
4
78
WP
Polyram 80
WP
2
76
Terrazole 95
l. 05
78
L
Vitavax
WP
1.2
71
Vitavax
VIJP
2.4
81
Vitavax +
WP
0.6+
84
Terrazole 95
0.47
L
Vitavax +
WP
l. 2+
80
Terrazole 95
0.95
L
IL = liquid, WP = wettable powder, P =Powder.
3 -- = fungicide not included for emergence.

91

74

69

35

52

82
83

80
81

0
0

0
0

0
T2

78
78

73
74

0
1
T

1
2
1

2
4
2

87
82
80
84
75
85
85
83
83
85
79
83
84
83
86
88
81
83
82
84
79
81
80
84
81
79
83
85

86
81
80
82
68
85
83
81
81
84
80
84
82
81
85
84
79
80
80
82
78
80
79
80
80
75
82
84

1
T
0
T
0
1
2
1
1
0
1
1
1
T
T
0
1
T
0
0
0
0
0
T
27
2
1
5

3
0
0
T
T
6
5
4
2
1
3
1
3
2
1
1
4
1
0
0
2
0
0
0
35
4
4
5

9
0
T
1
2
18
22
18
4
2
5
1
5
3
2
2
10
3
0
0
4
2
2
2
82
18
7
22

.8.2.

81

1

6

12

2 .
T = trace = 0. 1 to 0. 5 percent.
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Table 2. Effect of seed treatment on control of loose and covered
smuts of oats. E. D. Hansing, J. C. Reyes and A. Baig, Kansas
Task Force Reports, August 19 70.

Treatment

Form

1

Check, not treated
Fungicide check
Ceresan L
L
Panogen 15
L
Mercurial fungicide
PMAA 3.5
L
PMAA 3.5
L
Nonmercurial fungicide
Arasan 75
WP
Arasan 75 + Benlate WP
Arasan 75 + Benlate WP
Bertlate
WP
Benlate
WP
Captan 80
WP
p
Spergon
Vitavax
WP
Vitavax
WP
11

Rate
oz/bu

Percent smutted 12anicles
Da:ts J2lanted after treating
13
2
17

26

2
1

3
4

ll

7

16
14

6
T2
0
0
0
9
7
0
0

10
1
0
T
0
13
14
T
0

0.5
0. 75
0.5
1
l. 33
0. 67 + 1
l. 33 + 2
1
2
l. 25
2.08
0.67
l. 33

= liquid, WP = wettable powder, P = powder.

2T = trace = 0. 1 to 0. 5 percent.

ll3
PARAMETERS FOR OPTIMAL SEED HARVESTING
R. Kenneth Matthes

_II

The seedbed was carefully prepared in the spring, a high quality
foundation seed was planted, the weeds and insects were controlled
.and the seed are ready for harvest. The success of the crop now
depends on whether it is harvested properly. During harvesting the
seedsman has many decisions to make which will determine the quality
of the seed in the bins.
Optimum Harvest Time
Time of harvest is one of the most important factors affecting the
harvesting yield from seed crops. This is particularly true for small
seeded legume and grass seed crops since these seed have shattered ·
to the ground by the time the crop has matured to its optimum harvestable
yield ·.
Actually the optimum time of harvest is when the seed is fully
mature, when weather damage has just begun and the seed is easily
harvested and cleaned resulting in minimum losses. At early harvest
there has been no weather damage but the seed are high in moisture, not
completely mature. and difficult to combine with relatively high cleaning
and threshing losses. At late harvest the seed are low in moisture,
completely mature and easy to combine with low threshing and cleaning
losses; however, excessive weather damage has probably taken place.
Thus optimum harvest time occurs somewhere between these extremes.
This is very well inllustrated in Figure 1.
Although many varieties of soybeans, sorghum, and corn have been
developed for the grain to withstand considerable amounts of severe
weather subsequent to maturity, the seed is susceptable to weather damage. In recent studies at the Mississippi Seed Technology Laboratory
the germination of hand harvest ed soybean seed dropped from 93 % for
seed harvested on October 9 to 48% for seed harvested on December 11 .
The mechanically sound seed (total minus cracked, shriveled, and rotten
seed) also decreased from 97 % on Nov e mber 24 (first frost) to 65.5% on
January 6. Similar results also occur for corn and sorghum subsequent
to rna turity.

-

II Dr. Matthes is an Associate Agricultural Engineer and staff memb er
of the S eed Technology Laboratory.
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The weather is an important factor to consider when deciding to
harvest a seed crop especially grass and clover seed. For these types
a rain subsequent to the crop reaching maturity will result in shattering
about 30% of the seed to the ground. Therefore, it is wise to harvest
the crop while about 5 to 10% of the seed have not matured for small
acreage is large and two or three weeks will be required for harvesting,
it is advisable to start when about 15 to 20% of the seed are immature.
Harvesting should not begin when more than 20% of the seed are imma.:...
ture for several reasons: yields are low, combine losses are high,
germination may be low and moisture content high which can cause
heating in storage.
Moisture content is a good indication of the optimum time to
harvest most seed crops. Combines do not operate well above 15%
seed moisture. If an exact time can be chosen when to harvest soybeans, it should be when they are mature - that date is when the seed
moisture is first at 13%.
For wheat the optimum seed moisture content for harvesting is
15 to 17%. Figure 2 shows how the moisture content of wheat decreases
as the seed matures until it reaches approximately 28% then the moisture content of the seed is dependent upon the relative humidity of the
plant environment. Figure 3 shows that the drop in germination increases
rapidly when the moisture content exceeds 17% at the time of harvest.
Table 1 shows similar results for the effect of seed moisture content on
the split seed found in a harvested sample of wheat seed. From the
standpoint of minimizing mechanical seed damage, harvesting must be
limited to moisture contents below 20 percent (3).
Table 1. Split Seed Found in Samples Harvested At Various Moisture
Contents
% Seed Moisture

as Threshed
33.4

29.4
23.4
20.3

18.4
15.8

% of Seed Split by

Weight
10.3
7.3
2.7

1.0
1.0
0

For grasses the time to harvest varies with the kind of grass and
the type of equipment you use. Keep in mind that the stages in development of grass seed are milk, soft dough, hard dough, and vitreous, the
same as grain crops. Grass seed harvested in the milk or soft-dough
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stage shrivel. and are low in germination. Harvested in the hard dough
or vitreous stage, the seed are plump, well developed , and more likely
to be high in germination.
If corn is picked and dried on the ear it can be harvested as high
as 30% moisture, dried to about 16% and shelled. If corn is combined
the moisture content should not exceed 20%.

Harvest soybeans as near the maturity date as possible, which
is when the seed moisture initially reaches 13%. Seed moisture may
be at 13% moisture beyond this date but shatter loss will increase due
to plant deterioration. Soybeans should not be harvested when the seed
moisture exceeds 15% for difficulty will be experienced in threshing the
soybeans due to the high straw moisture. Soybeans should not be harvested when the seed moisture is less than 10% due to a high percentage
of crackage and mechanical damage in the seed. Soybeans change
moisture content rapidly depending upon the ralative humidity of the
plant environment. In some cases it is necessary to harvest soybeans
during early morning, late afternoon, and at night under extremely dry
conditions, and in some cases it is necessary to harvest during the
middle of the day under extremely wet conditions.
Type of Harvesting
For small seeded legumes and grasses, there are two generally
acceptable methods for harvesting. One is by direct combining and the
other is by cutting and raking the straw into a window or swaths allowing
them to dry and then harvesting with the combine from the windrow or
swaths. In areas having a weather hazard such as the southeast, a
better alternative is to cut the crop with a mower , leaving it in a practically undisturbed swath for drying. Often after a rain, a swath would .
be dry while windrows would still be very wet .:- Harvested yields a:re
generally higher from swaths than from windrows.
In a number of tests conducted in small seed legume and grass
seed crops, the relative merits of direct combines were studied as
compared to windrow or swath harvesting in the southeast, and direct
combining appeared in general to be preferable. However, both methods
have advantages and particular situations and the results vary considerably
from year to year because of different crop and weather conditions.
Mechanical shattering losses were always greater from swath or
windrow harvesting than from direct combining. These differences were
very small in some cases and very large in others depending on field
conditions, equipment, and methods used informing and picking up and
timing of mowing or harvesting (5) •

ll7
Weather shatter "losses were invariably higher in a standing crop
than in a swath or windrow . Thi,s difference was often quite large when
the standing crop had been badly shattered b y rain or wind.
Relativ e ha rvested yi elds from direct combining as compared to
windrow 'o r swath harvesting depends primaril y on whether mechanical
shattering or weather shatteri ng i s of g reatest importance. After a
crop is full y matured and appre ciabl y shattered by we·ather 1 windrow or
swath harvesting resulted l.n g reater harvested yields than did direct.
combining unless windrow or pic kup l o ss was excessive . The difference
in favor of wi-ndrow or swa.,th harv esti ng i s generally quite large 1
particularly after consider?ble W(3ather s hattering has occurred in the
field.
·.
Thi s comparison of harvesti ng ~ethod s also de.p ends on crop
conditions and weather in addition to the above mentioned factors.
Fo r exampl e w i ndrowing gives roughl y be t ter re sults in a non-uniform
field or i n o n e w hich tends to re tain green foliage and matures slowly
t ha n in a field whic h reac hes a complete uniform and ra pid maturity.
Windrow o r s wa th harvesting i s also preferable i n crops w hich c o ntinue growth du ring and aft er s eed harv e s ting.
8

After the optimum yield date is past direct combine yield s decrease
much more rapidl y tha n swath c ombi ne yi elds. This decre a s e re sults
from great er we a ther shatter l o ss in the stand ing c rop . If ra in occurs
this "d iffe'rehce ·w iH b e.·even greater; therefore , any acreage whi ch
. . :: J'
...
must b ~~:-4~-~ve,sie_g ) a te, w ill normally produCE3,;· a c;::on s id erabl y Ia rge r
harvesiE!id yield if: it ·is~~-~o~E!ld at the pjqper . ttrrre .~f-~.'nd then harv ested
from · t he ~ swa th. .

·· --~:·<j.,. ~-._..

·

··

' i

·

Th~ effe c t on seed quality i s also im'portant w hen c omparing dire c t'"cb mbt:riin<;J w itftwfndrow or swath harvesting. Seed harv e s ted from
a swath or windrow normall y has a much low er moisture cont e nt than
the d i recL c ombine 9n the s ame date 8 especially d uring the early part
of th e ha rves t s ~as on ·. · This .l:o:wer moisture reduces considerabl y
t he poss ibility ,of heating in storag e · and gen'erally 'i!Jlp~ove s s torag e
c onditio ns . Cons equ e ntly·, .the- germiriati6'n a'nd q4~·1r~y of s tored
seed i s often. better
from"' swath 'and . wiRdrow harvested s eed pro,..
vided it was -n of cut· befQre physlolbgici;illy mat ure . In mo s t fi eld conditions there -. is a·ve'ty s hort time whe~ 'the above advantag e will be
realized . THere a~e ge nerall y a few days betw ee n the time of the
swath which w a s not prematurel y cut and the time w he n the s tanding
c rop is dry eno ugh to direct comb i n e w ithout storage problems.
.
.
Dire-ct combined s.eed will normally contain les s t ot al tras h tha n
swath or wind row combi ned seeds . It will 'c ontai n much more green
trash to c au se storage probl ems . There fore , i n t he field s w hic h are
w e edy or have much gre en foliage , storage can be improved by mowi ng.
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Considering all factors which affect the choice of direct combining
versus windrow and swath harvesting, it appears that the current practice of direct combining is generally best, especially for the southeast.
(5)

For harvesting wheat and soybeans the question is not whether to
combine or not, but what type of combine should be used? There are
three types of combines in use : (a) the spiketooth, {b) the raspbar and
(c) the angle bar cylinder. These combines differ in the construction
of the cylinder and concaves. Figure 4 illustrates these differences.
The spiketooth combine is the most popular for grain producers
because it has a higher capacity , particularly in weed infested fields.
However, the seed producer should not be concerned about this for
he will have a clean field if he is growing a high quality seed crop.
The raspbar combine is the recommended type for most types of
seed harvesting including soybeans, wheat, corn, and clovers. The
seed harvested in a raspbar combine g enerally have a lower mechanical
damage than those through a spiketooth combine . Howev er, this is
not a proven fact and either type can do a good job of harvesting if the
operator is qualified and is sensitive to the product entering the hopper.
Rubber covers are available for the concaves of the raspbar combine.
This is particularly helpful in reducing mechanical damage when harvesting small seed such as clover.
Essential Units of a Combine Harvester l.

Header and feeder - consists of a sickle for cutting the stems
and an elevator to move crop from sickle bar to threshing
cylinder or a pickup attachment instead of sickle-bar if crop
has been windrowed or swathed .

2. Threshing unit - consists of a revolvable cylinder with bars
of pegs on its periphery and a stationary set of ba r s called
concave with variable clearance between the cylind er and
concave. This portion of the machine removes the s eeds from
the heads, pods, and other prote c tive covering .
3 . Straw carrier - consists of a os cillatin g rack t hat separates the
shelled seeds , and unthres hed hea ds or pods and chaff from
straw .
4. Shoe - consists of a fan and a combination of two or three
screening elements and delivery means to transfer the cleaned
seeds to the seed hopper or bag and a second deliv ery means to
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return unthreshed heads or pods to the shelling cylinder for
rethres hing .
The path of a seed can be seen in Figure 5. The lower part of the
plant moves into the cutter bar as the combine moves to the left. The
stalk is toppled into the header auger by the reel which has a peripheral
speed approximately 25 % faster than the ground speed of the combine.
The seed heads and stalks are fed into the cylinder by the feeder
conveyor where the seeds are rubbed from the head between the cylinder and concave in a raspbar combine and beat from the head by the cylinder
in a spiketooth or angle bar combine. The seed drops through the concaves or the grid grate into the grain pan and the straw is carried up the
straw walker and out of the combine . From the grain pan the seed is
carried to a type of two-screen air cleaner wher e the large material is
carried over the chaffer out of the combine , the see d dro ps throug h this
screen onto the shoe sieve and the small material drops through the shoe
sieve and is blown out of the combine by the fan . On the shoe s i eve the
clean seed is carried' down the screen into the clean grain elevator troug h
and the larg er unthres hed heads or pods are carried ·up t he sieve and
return ed to the cylind er for re thre shing.
Source s of S eed Loss e s During Harve st
A.

Cutter- b a r loss consists o f s e ed shatte red or heads o r pods missed
by the c u tte r-bar a nd se ed shatte red o r he a ds o r pod s thrown o ut b y
the r eel . (Sha tte ring and h e a ds of pod s bro k en off befOre the c o mbine enters th e fiel d are not c ou nted a s cutter- bar l o ss) .

B.

Cylinder loss is the unthreshed seed rema ining in t he straw afte r
passing t hru the combi ne .

C.

Stra w - rack lo ss i s l oos e see d s w hic h h a s not bee n separated from
t he straw a s it pa ss e s ove r the stra w rack and is c arrie d o ut of the
machine with t he s t ra w .

D.

Shoe loss i s loose seed whic h pa s ses over the c haffe r onto the
grou nd.
Estimati ng Seed Lo s s

C ombining is a dynamic proc e ss ; ther efore , it i s ne c ess a r y tha t
the a djustments o n a combi ne re main i n a ra t her fl e xible s t atu s i n ord e r
tha t the y may be c ha nged as cond itions demand .
In o rder to know how much l o s s you a re having it is n ece s sar y to
d etermine the loss occuring a t v a rious point s i n the c cm b i ning o peration .
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Measuring the amount of loss at each of the four sources listed
above is the first step in determining what machine adjustments are required.
Any material collected from the machine to determine these losses will of
necessity have to be collected from a given area in order to compute per
acre losses. Table 2 will assist you in determining the loss per acre.
Cutter-bar loss can be found by stopping the combine and counting
the number of seeds on a representative square foot of ground under the
machine. Count shattered seed and also unthreshed grain. Subtract from
this the shattered seed and seed in heads or pods on one square foot of
ground in the standing crop ahead of cutter-bar.
Cylinder loss can be determined by catching in a box or canvas
all the material leaving the back end of the machine.
Rack loss can be found by catching only the material leaving the
cleaning shoe.
There are several combining variables which affect the efficienc y
of the harvesting operation. These are moisture content, cutter-bar height,
reel speed, cylinder speed, cylinder clearance, ground speed and cleaner
air.
Although moisture content is not a variable which can be changed by
turning a dial, it is so important on the final outcome that it is justified to
repeat. The moisture content can be controlled somewhat by the time of
harvest since the crop dries as it reaches maturity and also what time
during the day harvesting takes place. Figure 6 shows how the moisture
content affects the cutter-bar loss of seed which increases as the moisture
content decreases. Figures 7 and 8 show that the machine loss and total
loss of seed increase rapidly as the moisture content increases for a rather
wide cylinder clearance of l/2 inch. No such loss increase is experienced
for a closer cylinder clearance of l/4 inch.
The optimum height of the cutter-bar is when a maximum amount of
seed is harvested and a minimum amount of straw. For clovers and grasses
this is very close to the ground, for soybeans the height can be adjusted 6 to
12 inches and sometimes higher depending on the variety , for sma ll grains
and grain sorghum the height should be just below the head for minimum
straw intake, and for corn the height should be low enough to harvest the
lower ear of the stalk.
The reel speed should be adjusted to the minimum speed which will
topple the plant into the header. This is usu a ll y abo ut l. 2 5 times as fa s t
a s the ground speed. In some c a ses particularl y in so ybe a ns it is not
necessary to use the reel at all since the momentum of the cutterbar on t he
lower portion of the plant is suffjcient to topple the plant into the c ombine.
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TABLE 2

Estimating seed loss from a sample area.

Crnp
I

Barlev ------------1
Clover-Crimson ---- 1I
CIO\·er-Ladino ------ 1
Crotolaria ---------1
Fescue-Tall -------- 1
Lespedeza-Kobe ----1
Lespedeza-Korean -- i
Lespedeza-Sericea __ -I
Lupine-Blue ------- 1,
Oats -------------- 1
Orchard Grass -----1
Peas-Cow ---- ----1
Pt>as-Combine -- --- Rescue - ----------Rye ---- --------Rye Grass --------St>same ------------1
Sorghum-Grain ---- - 1
.Soybeans-Small - - --·- !
Soybeans-Large - - ,- 1
\\'heat ---------- - - 1
I

.

No. of
seeds
per lb.

lb./bu .

13,600
149,000
816,000
84,000
227,000
200,000
238,000
372,000
2,750
12,700
650,000
3,630
6,750
62,000
18,100
223,000
160,000
23,800
5,900
2,720
1.5,900

48
60
60
60
24
25
25
60
60
32
14
60
60
30
56
24
60
56
.58
58
60

See<ls/ sq. ft.
if 1 bu. were
spread on·r
1 acre

Sl•l•ds I sq. ft.
jf 1 Jh. W!•f( •
spn·ad on·r
1 acre

-

15
205
1,208
l15
125
l15
136
512
3.8
9.3
209
5
9.3
42.7
23
12:3
220
31

0

3.4
20.0
1.9
5.2
4.6
5.4
8.5
0
0

14.9

-

0
0

1.4
0

.'5.1
:3.7
0

7.8
:3.6

0

21.8

- I.A·ss than one seed per square foot.
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Observing the action of the plant will .indicate what to do with the reel.
The cylinder speed is an important factor in how well the seed
are harvested as indiCated by Figures 9 a .n d 1 0. Crops that are difficu'H to
combine require an increase in cylinder speed, and as the cylinder speed
is increased the mechanical damage is increased resulting in a loss in
germination (Figure 11). Thus an optimum cylinder speed results in maximum threshing a'nd minimum mechanical damage.
The cylinder clearance is set according to the size of seed and
the difficulty in threshing. The closer the clearance the less the unthreshed seed and the higher the mechanical damage of the seed (Figure
12).
The main effect of the ground speed is that it determines the rate of
material flow through the combine. The faster the ground speed the higher
rate of material flow and the less threshing action. The cylinder speed and
ground speed a r e h ighl y re lated in threshing efficiency. A threshing index
has been developed for harves ti ng s oyb e ans which combines these two
factors and makes recomm e ndations for s pecifi c models of combines (4).
The cleaner air serves a similar purpose to the lower a ·i r on an
air-screen cleaner. If the cleaned seed are excessively trashy the air
should be increased . Care sh oul d b e t a ken not to increase to the extent
that good seed are blown out of the combine ·.
· Recommendations for Loss Reductio n of Soybeans
The shatter loss is usually the greatest loss when harvesting soybeans. This is a gatheri ng unit loss. There are s o me things ' that can be
done to reduce them . If ·this can be done without increasing the other losses,
it is an improved situation . .
1.

Use the reel only where ne e ded to get the cut soybean plant
onto the platform and moving along the platform auger . Maintain contact with the plant o nly to accomplish this . purpose. To
do this the reel axle usually w ill no t be less than 12" ahead
of the cutter bar and c o ntacting no t more than the top l/2 of the
soybean plant. Many soybeans can be 'cut without' or with little
use of the reel .
a.

When the reel is used the speed should be approximately
1 1/4 titnes the ground ·s peed , For a 42" diameter reel
multiply the ground speed in miles per hour by 10 for the
approximately correct r eel speed. Usually the correct reel
speed cannot be niainta i ned if.the combine is operated over
a wide range of ground speeds .
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2.

Harvest the soybeans as near the maturity date as possible.
(Date when kernel moisture is first at 13% moisture.) Kernel
moisture may be at 13% moisture beyond this date but shatter
loss will increase due to plant deterioration.

3. The ground speed should not be over 3.0 m.p.h. Usually
a ground speed of 2. 5-3. 0 m.p.h. should be maintained.
There will be conditions which prohibit maintaining this
ground speed. Such as excessive shattering and lodged
loss.
4. The cutter bar should be maintained in good condition
similar to a sickle type mowing machine. If this is done
the vibration of the soybean plant is a minimum. Further
reduction of the vibration of the plant may be accomplished
by cutting close to the ground.
Lodged Loss
1. Usually the ground speed will need to be reduced in a lodged
situation. The speed should be determined by the severity of
the losses, both shattering and lodged; i.e. reducing the
ground speed to fit the situation.
2. A cam action reel with pick up tines can be used to help move
the lodged soybean stalks onto the platform auger. The more
severe the lodged condition the further in front of the cutter
bar the reel axle should be to be effective with minimum shattering. Maintain as high a contact with the stalks as possible to be effective. The more contact that the reel makes with
the stalks however the more shattering there will be. Often
a decision has to be made between more or less use of the
reel. Where more use increases the shatter loss a nd less use
increases the lodged loss. If the pick up reel speed is maintained at 1 1/4 the gro\,lnd speed the tine tip speed is 1. 9 the
ground speed at the botton of its travel path.
I

I

I

3. Grain lifters fitted onto the guards of the cutter bar will a id
lifting the lodged stalks high enough to be cut by the cutter
bar. Usually they should be spaced 10 to 14 inches on each
side of the drill depending upon the row width and the lodged
situation, i.e. space them so the y a re effectiv e in the operating
situation.
4. Often the ground speed will n eed reducing in severely lodged
situations, otherwise the cutter bar tends to ride over the lodged
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stalks. The lodged loss can be high when harvesting a
branching variety and grain lifters on the guards are not used.
Further contribution to the loss in a lodged situation is high
seed beds and delayed harvest beyond maturity. For the hext
crop low seed beds should be maintained.
Stubble Loss
L

Cut the stalks as low as they can be cut. Usually an auto~
matic header control will aid in reducing the stubble loss.

2.

Maintain a ground speed at 3 m.p.h. or less

3.

For the next crop maintain low and level seed beds
within rows and across the rows .

I

level

Cylinder Loss
At the time most soybe a ns are ha rvested they are relatively easy
to thresh. In most operations th e so yb eans are being over threshed. The
result of this is cracked kernels and overloading of the cleaning section.
The spike tooth threshing cylinder is most commonly used on combines to
thresh soybeans.
I

Heretofore the considered fact or s affecting the threshing action for
any given situation is the speed of the c ylinder and the clearance between
the concave and the rotating cylinder. During the 1969 Soybean Harvest
Study , it was concluded that this does not adequately describe the total
threshing effort. For these two factors do no t account for the differences in
construction of the cylinders nor the difference in the rate of feeding of the
cylinder rows being harvested and the ground speed . A method was devised
to consider the construction of the spike tooth cylinder and the rate of feeding
is called The Threshing Index.
1

1

Strawrack Loss
The separating section is compri s e d of the beater and the strawrack. Usually there is little loss fr om this section when harvesting soybeans. If there is excessive machine loss and it is determined that is is
due to the strawratk it is probably a result of a clogged grate. In which
case it must be unstopped. Usually the basic speed is adequate for
separating soybeans.
1
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Chaffer and Shoe Sieve Loss
The cleaning section is comprised of the chaffer and shoe along
with the fan (Figure 5). Usually the chaffer and shoe are adjustable fin
type sieves. The chaffer has an extension where the unthreshed pods
drop through and are returned to the cylinder for rethreshing. If a check
behind the combine shows an excessive loss of beans and unthreshed pods
that have passed through the combine usually it will be a cleaning section
loss. If it cannot be determined where the unthreshed pods are coming from
stop the combine when fully loaded . Check the chaffer to determine if there
is an excessive amount of unthreshed pods mixed with the chaff on top.
(Scarring of the pods indicate they have passed through the combine.) To
prevent and correct this loss observe the following:
I

1

l.

Operate the fan at 3/4 full capacity directed more toward the
front of the sieves than the back. (More losses will occur with
too little air blast than too much.)

2.

Open the chaffer si e v e to 3/ 4 and then shoe sieve to l / 2 full
open. If too much trash goes to the grain tank close both
sieves a little.

I

1

3.

Maintain the correct threshing index range for the operational
ground speed of the particular combine. This will prevent
overthreshing and overlo ading of the chaffer and shoe sieves
with fines.

4. If there is an excessive amount of unthreshed pods on the
chaffer maintain the correct threshing index but close the
concave. (Decrease the c l earance.)
I

Threshi ng Index
The threshing index define s the threshing effort being exerted
upon a cut crop segment being harve sted. Mathematically it has no
units but expresses the feet fla il exerted to the crop per foot of cut segment.
To arrive at the threshing index for a spike tooth type threshing
cylinder the total flail in feet pe r r evolution is taken instead of peripheral speed. The flail is derived by adding the length in feet of all the
spikes on the cylinder bars plus the length in feet of all the spike bars
and is given by equation l.
1

Total Flail
(ft./rev.)

= spike L (in) x No. + spike bar L. (in) x No.
12

(l)

1
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The rate at which the flail is exerted in the threshing effort is
given by equation.
(2)

Total Flail Rate (ft./sec.)= cyl. speed (rev./sec.) x total
flail (ft./rev.)

The ground speed is converted to the units of feet per second and
the threshing index is given by equation 3.
Threshing Index=

(3)

total flail (ft./sec.)
ground speed (ft./sec.)

By using equation 3 a definite relationship can be established to
describe the threshing effort being exerted to any given cut crop segment.
It also can be used to describe the change in threshing effort as ground
speed and cylinder speed change, separately or collectively. In addition,
it can serve as a useful guide for regulating the concave (spike tip)
clearance to fit a particular threshing task. Use of the threshing index is
of greater importance to the seed producer tha n to the commercial soybean
producer.
If you are interested in using the threshing index to improve the
combining of soybeans request the publication Harvesting Soybeans
by Lee Miller from the Mississippi Cooperative Extension Service, State
College, Mississippi.
11

11

Summary
To optimize your harvesting results y ou must make the proper
decisions about when to harvest and how to harvest The indicator for
determining when to harvest is the seed moisture c ontent. The best
indication of good harvesting methods are good seed c omi ng from the
combine. Keep check on your product and be sure that your combi ne is
doing the best job it can do under many different situations.
o
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DRYING, STORAGE AND PACKAGING- PRESENT STATUS AND FUTURE NEEDS
James F. Harrington

ll

In at least three cradles of civilization -- along the Euphrates,
the Nile, and the Indies rivers -- the desert climate made drying and
storage of seed simple. The seed was already storage-dry at harvest
and remained that dry until planting. This important fact may have been
the trigger that enabled man to change from nomadic to agricultural,
allowing him to settle permanently and giving him some free time which
led to the development of these civilizations. However, the climate
of State College, Mississippi or Des Moines , Iowa is quite different,
although twenty years ago and even today many seedsmen try to use the
same methods of drying and storage used for the past 5, 000 years in
these desert areas.
Twenty years ago drying, storage, and packaging of much agricultural seed had changed little from the BibliccH story of storage
accumulation during the seven fat years for the seven lean years to come.
Yet, prior to twenty years ago, several research workers, especially the
Tooles of the USDA (1946, 1948) and Miss Barton of the Boyce Thompson
Institute (1961) , were building a knowledge of s eed physiology that
would provide valuable information for proper drying, storage, and
packaging of seed. A few improvements such as artificial drying of
seed corn and , in the south, refrigerated storage of vegetable seed
started over 20 years ago. However, the major emphasis on proper
drying, storage, and packaging has been an exciting development in
the last twenty years.
The application of the research knowledge was first used by the
producers of seed of higher unit value, such as flower, vegetable , corn
and to some extent cotton and peanut seed . Today, producers of grain,
grass, and most legume seed crops use drying , storage and packaging
practices little different from those used 5 , 000 years ago at the time of
the building of the pyramids. A buyer of hybrid petunia seed a t $6,000
a pound or even onion seed at $4 a pound is more conscious of the need
for quality, as measured by germination and vigor, than is a buyer of
wheat seed at 3 or 4 cents a pound .
First, I shall briefly mention what methods the petunia and onion
see d producers are using to pre serve germination and quality of their
seeds. Then I shall discuss in some detail the technical methods and
the seed physiology basis for their methods. Finally, I shall voice an
opinion of the future needs of seedsmen in r espect to drying, storage,
and packaging.

l l Dr. Harrington is a Professor, Dept. of Vegetable Crops, University
of California, Davis, California.
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The best producers of high priced seed, such as petunias and onions,
clean the seed immediately after harvest and then immediately use a deo
humidifying drier at a temperature below 95 F to dry the seed to about
6% moisture. The seed goes from the drier into a machine that packages
the seed in moisture-proof containers and then the packaged seed is
stored in cool warehouses until delivered to the user of the seed. Such
seed of high original germination and vigor still possesses this high
germination and vigor for at least three years after packaging, assuring
the grower of quality seed when he plants it. This method of drying,
packaging and storing these seeds is a complete change from the methods
of twenty years ago.
As you all know, seed must be clean for best storage. Others
will discuss proper seed cleaning. Rodent, insect, and fungi damage
must be prevented or seed lots will decline in germination and vigor.
I shall not discuss rodent control beyond stating that constructLon of
rodent-proof storages and judicious use of rodicides will minimize .o r
eliminate rodent damage. If seeds are dried to below 12% seed moisture
and maintained at this low moisture no fun gu s damage can occur.
Further, if seeds are dried to below 9% and maintained at this still
lower moisture no stora ge insects can reproduce in the seed and in time
insect damage will be eliminated. Rodents, insects, and fungi are
important causes of loss iri germination and vigor of seed lots and must
be controlled. I refer you to the books by Christiansen and Kaufman
(1969) and Cotton (1956) for best controls of these pests.
The two most important environmental factors that in fl uence the
longevity and vigor of seed are the r e lativ e humidity and temperature
of the surrounding air. They determine the moisture content and
temperature of the seed. I stated two rules-of-thumb when I talked
at the Mississippi Short Course for Seedsmen in 1959. These two
rules-of-thum b are just as valid and as important today as they were
then. They are:
1. For ev ery one per cent d ecr eas e in seed moisture the life of
the seed is doubled. bThis rule applies between 14 and 5% seed moisture) •
2. For every 10 F decrease in seed temperature the life of the
seed is doubled. (This rule applies at least between 120°F and 32°F).
These two rules mean that if s eed is stored under warm, humid
conditions it may lo s e germination in l ess than a w e ek , but if t he same
seed is dried, kept dry, and stored in a cool storage it can have high
germination and vi gor even after 20 y ears of storage. The seedsman has
the pow er to c ontro l the lif e of the s eed he handles. By moistureva porproof packa gin g {Harrin gto n, 19 63) his power even extends beyond
stora ge in his warehous e ri g ht to the day the seed is planted.
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It is absolutely essential to dry all seeds below 12-14% seed
moisture. Above this, seed moisture fungus growth can occur; these
storage fungi are ubiq.uitous and no lot of seed is free of their spores.
Insects can be controlled by warehouse sanitation and fumigation
if necessary, as well as by drying the seed below 9% moisture, but
only by maintaining the seed dry are attacks from storage fungi prevented. The variation in maximum moisture content allowable is based on
the chemical composition of the seed. Starchy seeds such as corn or
wheat need only be dried to 14%, while oily seeds such as cotton or
soybeans need to be dried to 12% to prevent fungus invasion.

Seeds are being dried with unheated air, heated air,and dehumidified air. There is no good text on seed drying, but the Aerovent
manual (1958) is very useful. The method to use depends on the
weather conditions, the kind of seed, and th e dryness desired. ThiP
requires knowledge of the psychrometric chart and the equilibrium
value between the moisture content of the seed being dried and relative
humidity. Let us study a few examples.
Hybrid corn seed is harvested in the fall with a moisture content
of 22%. The temperature is 60°F and the RH is 75 % . How dry can we
make this corn? If we use unheated air we can dry it to about 14.7%.
This is a good start, but not dry enough for safek eeping. If we heat
the air to 90°F then the RH will drop to 26 % and the corn will dry to
below 8% moisture, a safe moisture for sealed storage. If we raise
0
the temperature of the heating air to 110 F then the corn will dry
faster, but we increase the chance for cracking of the endosperm by
too rapid drying. In this example, dehumidifying the air is unnecessary
and, since this is a more expensive process , it would not be done.
Suppose, however, an early variety of soybeans matures in late
summer when the temperature is still 80°F and it is a humid period with
the RH at 9 0%. The seed has dried to 14% , not quite dry enough for
safe storage of this high oil crop. If we use unheated air, at 90% RH
the seeds will actually gain moisture to abov e 18% , which is harmful.
Thus, drying with unheated air should not be done under these conditions.
If we heat the air to 100°F then the RH of that air is reduced to 48% and
the soybean seed can be dried to below 8% , excellent for storage.
However, if it were desired to package the seed in moisture-proof
containers for shipment to some tropical country or across the equator
then the moisture content would need to be reduced to 6%. To safely
dry the soybean seed to 6% moisture without using excessive heat
would require dehumidified air drying. Severa 1 vegetable and flower
seed producers now use dehumidified air driers to obtain seed moist4-re
contents low enough for packaging in moisture -vaporproof containers.
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Usually a closed system is used. The air passes through the dehumidifier, most often silica gel, that removes the moisture to a RH below 2 0% .
The air is heated in this process as condensing the moisture gives off
heat. Therefore, the air may have to be cooled by passing through
refrigeration coils before it reaches the seed. The dry air is then
passed through the seed and gains moisture from the seed, drying the
seed. The air then recirculates through the silica gel. The silica gel
must be regenerated or it will become saturated with water. This
requires either two units: one drying and one regenerating , or one
circular unit that rotates with a section drying the air that passes
through the seed and another section where 350°F air evaporates and
drives off the water absorbed in the drying section. Dehumidification
units large enough to handle the large quantities of field crop seeds
are built.. They are used for such operations as macaroni drying.
However, where dryin g with heated air can reduce mo i sture in seeds
to the levels needed this cheaper method should be used.
Several efficient continuous-flow, warm-air driers are now
available for large quantities of seed. If you are findin g some of
your seed lots declinin g in germination between harvest and stora g e
you may b e able to prevent thi s decline by installing a continuousflow, warm-air drier. If you have lots of seed that range from a few
hundred pounds up to ten tons, a batch-type rotary drier may be
your most efficient drier , since continuous-flow driers ca nnot handle
such small lots or handle them poorl y . The rotary drier slowly tu mbl e s
the seed as warm air is passed thro ug h the seed and is the most
efficient batch- type drier.
One important point that is often forgotten by s eedsmen is that
it does little g ood to dry your seeds to safe moistur e leve ls if you store
your seeds so they regain moisture during stora ge . This bring s us to
the b e st methods of s to ri n g s eed . T he s eed k ee ps be s t if it i s prope rly
dried, ke pt ·dry , and k ept c ool. This ca n be done in bulk stora ge ,
storage in bins, 'or storage in moisture-proof packages ready for marketing. The important musts are to keep the seed dry and coo l whichever
stora ge system is used.
Bulk s tora ge of s eed tha t i s dri ed be low e quilibrium w it h a mbi ent
RH requires that the stora ge be ma de mo i s ture- proof or t he mois t ur e
will enter the stora g e and be r eabsorbed b y t he seed. Sealing of
existing stora g es can b e done by 1. Block ing all win dow s and all but
one or two doors ; 2. Moisture- proofing the walls and c e iling w ith
polye thy l e ne ( 8 mil or t hi cker), asphalt (1/ 8 11 thick), or aluminum fo il
bonded w ith po lyethy l e n e to a tough ba cki ng ; 3. Mois t ure-proofi ng the
fl oor by a ma ca dam s urfa ce (concrete is porous to moisture va por);
4. Overlappin g all joints where th e walls, ceilin g , and fl o or seals co me
togeth e r, as w e ll as sealing aro und all e l ectric or oth er inl e ts;
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5. Providing a gasketed moisture-proof door as used for walk-in
refrigerators; and, 6. During hot periods judicious ventilation at night
may be possible or refrigeration may be necessary.
Bin storage is much simpler. Steel bins must be used as wooden
or paper bins are porous to water vapor . Steel bins must have tight
fitting metal lids, preferably with rubber gaskets. The bins can then
be stored in warehouses which are cooled in the most economical manner
with no worry about using high- humidity cool air.
Moisture-proof packaging for market right after drying has the
advantages of requiring less handling of the seed and of an inventory
ready to be shipped out, but it also has the disadvantages of less
flexibility in meeting customer needs and of loss of expensive containers
if a packaged variety does not sell. Moisture-proof packaging includes
aluminum-foil, polyethylene-laminated pouches for up to 1- pound
conta i ners, tin cans and rigid plastic boxes for up to 5-pound containers,
polyethylene ba g s a n d aluminum-foil, laminated-paper multiwall bags
for up to 100-pound containers. A moi st ure-pro of or herme ticallysealed container, whatever its composition, accordin g to the Federal
Seed Act (1968) and the California Seed Law (19 64) must not allow
water-vapor penetration through any wall, includin g the seals, greater
than Oc05 grams of water per 24 hours per 100 sq uare inches of surface
at 100 F with a RH on one side of 90 % and on the other side of 0% .
In addition to making storages moisture- proof insulating them
is also highly desirable. The moisture content of seeds can be hi g her
i n cool storages as compared to warm stora g es but should never be
allowed to exceed the 12-14% mentioned earlier. One metho d first used
t o preserve seed in hot, humid areas was to use the refrigerated storages
used for fresh fruits and vegetables . It was found that although the seed
kept well they gained moisture in the 9 0% RH of such storages and
deteriorated rapidly when delivered to the grow er under his high-temperature conditions plus their high-moisture content. These storages would
be satisfactory if the seed were first packa g ed in moisture-proof containers
and then stored cold. If the seeds are k ept dry the cooler the storage the
better. This is the reason storage insu lation should be considered. A
metal silo without moving air may heat the seed b eside the metal to 150°F
on a hot summer day, enough to kill it. Yet, on an equally hot day the seed
in a well insulated storage may only rise one or two de grees in temperature.
I

I

I

To conclude this discussion of see d storage, I would like to describe
an ideal seed storage for large bulk quantities of field seed. I realize that
in the dry ar-eas of the world, such as th e C entral Valle y of California and
the Snake River Valley of Idaho, the storage I will describe is excessive.
But for the Southeastern, Midwestern, and Northeastern U . S I think it
would be ideal.
I
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The foundation walls should be of concrete and extend three feet
above the ground with a six-inch lip around the top to prevent entrance
of rodents. The center of the foundation should be filled with gravel
topped with sand and then a layer of 10 mil polyethylene or 1/8" of
asphalt and then a reinforced concrete floor. The bearing walls can be of
wood, concrete, cement block, or metal. Inside the walls there should be
at least two ,inche·s of insulation {glasswool, styrofoam, urethane are
examples). Inside the insulation should be a moisture-vapor barrier
(aluminum-foil building paper bonded to the insulation with asphalt is
excellent.) This insulation and vapor barrier should cover the ceiling
too. Between the ceiling and the roof should be an airspace that is
ventilated. There should be no windows and only one gasketed door in
the storage, and the door should be kept closed except during the act
of entering or removing seed. A standby refrigeration unit should0 be
provided with enough tonnage to maintain a temperature below 60 F and
a RH below 40% in hot weather. Assuming the seed placed in this storage
was first properly dried and had high germination and vigor, it will come
out a year later or even 18-months later with the same high germination
and vigor. No fungi will grow in this storage nor will insects multiply,
so the seed should remain free of both. The construction of this seed
storage is not too much more costly than the construction of an ordinary
warehouse, yet the quality of the seed leaving such a storoage would
average much better than from an ordinary warehouse. In fact the
added cost would pay for itself in preventing the loss of germination of
seed lots to below saleable standards.
1

If bulk storage is desired for seed dried to the moisture range
necessary f;or packaging in moisture-proof containers, then a RH of
20-25% is necessary. The same storage that I just described would
work equally well for this storage, with the addition of a dehumidifier.
The seed would also have to be further dried to the 5-8% moisture content
before placing in this storage.

Seed quality in the future is going to include high seed vigor as
well as higher germination. Already the vegetable growers are demanding
seed of high vigor for precision planting. With the arrival of hybrid wheat
along with proprietary varieties in many crops the farmer is going to be
more critical of the performance of the seed he buys. A rapid, uniform
stand is one thing he can observe readily. The seedsman who stays
ahead of the crowd is going to dry, store, and package the seed he sells
in such a manner that his seed has that jump on his competitor's seed
when it emerges from the ground. Vigorous seed usually produce higher
yields (Peacock and Hawkins 1 1970). Therefore, instead of blazing the
seed as fast as possible through the drier, the seedsmen will use lower
temperatures and even dehumidification if necessary to dry the seed.
He will build seed storages instead of using uncontrolled seed warehouses so he can maintain the seed dry and cool with no loss in
vigor during storage. He will package the seed in moisture-proof
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containers so the seed can be delivered to the farmer with the same
vigor locked in.
You think I am a dreamer? You think such quality control is
unnecessary in field seeds? I can tell you that most of the vegetable
seedsmen who thought this way ten years ago are out of business and
the rest are laggillJ behind the leaders. I predict that with proprietary
varieties and hybrids the same trend will occur in the field seed industry.
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ARTICLES ON SEED DRYING l /
G. B. Welch]:/
I.

. HOW DRY CAN YOU DRY SEEDS

WITH NATURAL AIR?

When seeds are being dried, moisture is transferred from the
seeds to the surrounding air. The moisture content to which seeds can
be dried depends upon the temperature and the relative humidity of the
air entering the mass of seed. The relative humidity is the major factor that influences seed moisture content. To determine whether any
drying can be done on seeds in a drying bin, the air temperature, relative humidity, and equilibrium moisture cbntent of the particular seed
must be known. The two last terms will now be defined to help explain
why seeds will reach a certain moisture content when placed in a
given atmospheric condition.
Relative Humidity: This is defined a s t h e ratio between the
amount of water the air actually contains and the amount it would
contain at the same temperature when fully saturated (100% R. H.) It
is expressed as percentage. Let us now consider air at 70°F . When
saturated, it would contain . 015 7 6 pounds of water per pound of dry
air. At 7 0% R. H. it would contain . Oll 03 pounds of water and would
be capable of holding .00483 pounds more. At 50% R.H. it would contain . 00788 pounds of water, and could hold . 00788 pounds more before reaching saturation. Thus, the rate of drying at a given temperature increases as the relative humidity at that temperature dec reases.
This is a major consideration in determining whether seeds can be
dried quickly enough to s a fe storage levels using unheated air.
Equilibrium Moisture Content: Seeds, like any moisture containing material, have a certain ability to take up or give up moisture
to the surrounding air. This exchange of moisture depends upon the
difference in vapor pressure developed by the moisture inside the seeds
and the surrounding a ir. If the vapor pres sure inside the seeds is

l/Reprinted from Seed Processor's Cl inic, Seedsmen' s Digest,
September, October, November 1967.

y Associate Agriculture Engineer a ssigned to the Seed Technology Laboratory.
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higher than the vapor pressure of the atmosphere, the seeds will lose
moisture to the atmosphere. The opposite effect will occur if the vapor
pressure of the atmosphere is greater than that inside the seeds. This
exchange of moisture will continue until the seeds reach a moisture
content that develops a vapor pressure equal to that of the atmosphere.
As long as the vapor pressures are in equilibrium, there is no further
change in the seed moisture content. Thus, the moisture content that
seeds maintain in a given atmospheric condition is known as the equilibrium moisture content.
The equilibrium moisture contents for several different seeds
and relative humidities at a constant temperature of 7 7°F. are shown
in Table 1. For each 10°F. , above or below 77°F. , the moisture content will decrease or increase approximately 1%, respectively.
TABLE 1. Equilibrium Moisture Contents at Different Relative Humidities . (Atqpprox. 77°F.)
Moisture Content: (Wet Basis) in Percent
Relative Humidity
(Percent)
15
30
45
60
75

Barley
6.0
Corn, YD
6.4
Rice, Rough
5.6
Sorghum
6.4
Soybeans
Whe at, White
6.7
ASEA Yearbook , 1965

8.4
8.4
7.9
8.6
6.2
8. 6

10.0
10.5
9.8
10.5
7.4
9.9

12 .1
12. 9
ll. 8
12.0
9.7
11.8

14".4
14. 8
14 . Q
15 2,
13 ~ 2
15". Q
0

90

19.5
19 .1
17 . 6
18.8
19. 7

This table can be used to determihe if drying can be done and
to what moisture content seeds can be dried with air at a given temperature and relative humidity. Some typical examples showing the use
of the table follow .
Exa mple 1. Shelled yellow dent corn at 16% moisture is pla ced
in a drying bin. The relative humidity is 67% and the temperature is
57°F . Can any drying be done?
Referring to the table we find the e quilibrium moisture content
for shelled YD corn at 77°F. is 12.9% a t 60% R.H. a nd 14.8% a t 75%
R. H . Thus, 67 % R. H . would be h a lfw a y between these two figures:.
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14. 8% - 12.9% = 1. 9% X 1/2 = . 95 %
12.9 + .95 = 13.85% moisture content at 67% R.H. and 770F.

Adding 1% moisture because the temperature is 100 below 770f.,
the equilibrium moisture content of the corn would be 14. 85% . Drying
of the 15% corn will take place but at a rather slow rate.
Example 2. What would be the final moisture content of rough
rice being dried with air at 80° F. and 60% R. H.?
At 7 7° F. and 6 0% R. H. , the equilibrium moisture content of
rough rice is ll. 8% . Since the air temperature is only 3 degrees above
the temperature on which the table is based, it is not necessary to
make any corrections in the moisture content. Thus, the final moisture
content of the rough rice after drying under the conditions indicated
above would be around ll. 8%.
These principles also hold true when heated air is used for
df)' ing. In the case of heated a ir, however, the poss i bilities for inct:easing rate and extent of drying are much greater than when natural
(u~:heated) air is used. Heated air drying will be considered next.

II.

DRYING WITH SUPPLEMENTAL HEATWHEN AND HOW TO USE IT

QUESTION: What is the difference between drying with heated air and
drying with supplemental heat?
.ANSWER: The major difference is the increased temperature of the
drying air. In heated air drying, a l a rge amount of he a t is added to
increase the air tempera ture a s much a s 100°F. or more. This much
heat is used mainly for drying grain to be used for purposes other than
seed.
In drying seed with supplemental heat, a small amount of heat
is added to increa se the tempe rature of the a i r 10 - 20° F . before it
enters the seed ma ss. The pur pose of a dding a sma ll amou nt of heat
to the drying a ir i s to lower the rela tive humidity to a pproxim a tely
what it would be during the summer and early fall. Thus, the seed
can be dried to a safe storage level more rapidl y.
Drying with supplementa l heat is pa rticularl y suit ed for drying
seed when they a re not he ated enough to be injured.

Effect on Relative Humidity When Air is H€>ated by Direct Burning of L-P Gas.
Products of Combustion into Heated Air.
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QUESTION: When should supplemental heat be used for drying grain
or seed?
ANSWER: During periods of high relative humidity such as during the
late fall early winter and rainy periods. By increasing the drying
air temperature 10 to 20 degrees the drying process can be carried on
regardless of the weather conditions. Increasing the air temperature
2 0° F will lower the relative humidity approximately 50%.
1

1

1

When drying with natural air drying may become very slow
after the seed reach 16% moisture. Raising the temperature of the air
several degrees will reduce the time required for removing the last 3
to 4 percent moisture.
QUESTION: How is supplemental heat added to the airstream and how
is it controlled?
ANSWER: Supplemental heat can be added to the drying air by placing
a gas oil or electric heater behind or in front of the drying fan. The
manufacturers of drying fans also have heaters designed to attach directly to their fans .
1

I

The heater unit can be controlled by either a thermostat or a
humidistat. The controlling device is placed in the airstream near
where the air enters the seed.
The humidistat has a sensing element that responds to a change
in relative humidity. It senses the relative humidity in the airstream
and turns the heater on or off to maintain the rela tive humidity at the
desired level for which the device is set. Once the humidistat is set
it does not have to be adjusted as the temperature of the atmospheric
air fluctuates.
I

The thermostat controls the rel ative humidit y by maintaining
the airstream at a particula r tempe rature corresponding to the desired
relative humidity. It is sometimes necessary to change the thermostat setting as the temperature of the atmosphere fluctuates during the
day.
QUESTION: When the heater is controlled by a thermostat how c a n
one determine the temperature required to give t he desired rela tive
humidity?
ANSWER : The temperature necess ary to give the desired relative humidity can be estimated very easil y b y using the chart shown in Figure I.
Let us take a typica l exam ple to illustrate its use.
I .

EXAMPLE: Assume that the outside environment is 6 0°F a nd 9 0% R. H .
To what temperature must the dr ying air be heated to lower the relative
humidity to 45 % .

l46
SOLUTION: Referring to Figure 1, follow the horizontal line representing 90% R. H. to the right until it intersects the vertical line representing 60° F (point A). Then follow parallel to the nearest curved line to
the horizontal line representing the desired relative humidity 45% (point
B). From point B, draw a vertical line to intersect the temperature scale
at the temperature necessary to give 45 % relative humidity. In this
case, the thermostat would be set at 82°F.
Now let us consider the volume of air necessary to accomplish
the desired drying.

III. AIR REQUIREMENTS AND FAN SELECTION
FOR NATURAL AIR SEED DRYING

The function of the air used in drying seeds is to remove moisture evaporated from the seeds. As air moves through ·a mass of moist
seeds, it picks up moisture from the seed. This causes an increase
in relative humidity of the air. If the air flow rate is too low, the air
can become saturated soon after it enters the seed mass and no further drying can be accomplished. Air flow rate, therefore, should
always be high enough to insure that the air maintains its capacity
to absorb moistune during its entire passage through the seed mass.
Recommended minimum air flow rates for severa l kinds of seeds
at different moisture contents are shown in Table 2. Air flow rates of
3 to 5 cubic feet per minute (cfm) per cubic root of seed are commonly
used in calculating the air requirements for a drying system. Air flow
rates from 6 to 8 cfm/cu. ft. are sometimes used when the seed moisture content is 24 percent higher. When seed moisture content is
within 1 to 2 percent of the desired storage moisture content, air flow
rates as low as 1 to 1. 5 cfm/cu.. ft. can be used.
Static Pressure and Depth of Seed
Sta tic pressure is the force required to move air a t a given rate
through a given ma ss o f seed. It is me a sured in inches of water col umn, and varies directly with the air flow rate and the depth of seed.
The size of the seecls and the amount of foreign material mixed with
the seeds also influence static pres sure. For the same air flow rate,
small seeds require a high er static pressure than large seeds.
Reco mmended max imum depths for drying se eds a re a lso shown
in Table 2. Greater depths can be used, although for most conditions
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it is best to limit the depths to those shown. The power required for a
fan increases as the static pressure increases. Generally static pressures above 3 inches requires too much fan horsepower for economical
operation.
I

Fan Selection
. To select': the proper fan size for a drying system~ the "air flow
rate in cfm and the static pressure required to move the air through the
seeds must be known. When a fan is to be used for drying more than
one crop it should be selected to meet the requirements of the most
difficult drying conditions encountered .l/ The following example illustrates the procedure for determining the proper fan size for a drying system.
1

Example:
2500 bushels of shelled corn at 20 percent moisture content are to be
dried in a bin with a perforated floor. The corn is 9 feet deep. (A) Determine the minimum required air flow rate and the static pressure. (B}
Select the minimum fan size needed for the drying system.
Solution:

I.

Determine total rate of air flow required.
From Table 2 the minimum air flow for 2 0% moisture content corn is
3 cfm/cu. ft. The total flow rate required for the 2500 bushels would
be:
2500 X 3 = 7500 cfm.
1

II.

From figure 2 determine the static pres sure for an air flow of 3 cfm/
bu. through 9 feet of shelled corn.
Two important points should be noted in connection with using
the graphs in Figure 2: (a ) the a i r flow given a long the vertical axis is
measured in cfm/sq. ft. r a ther than in the customary cfm/ bu.; a nd (b)
onE3 bushel of seed or grain occupies 1. 25 cubic feet. Stated a nother
way one cubic foot would contain 0. 8 bushel.
1

I

The cfm/sq. ft. can be calculated e asily when the c fm/bu . and

l/ Combine

run or uncleaned seed require a pproximatel y 3 0% fan ca pacity than clean seed when the foreign material is smaller than the
.seed being dried. (note lines 1 a nd 2 of figure 2)

l'48

TABLE 2.

USDA RECOMMENDED MAXIMUM DEPTHS AND MINIMUM
AIR FLOWS FOR NATURAL AIR DRYING

Type of
Grain

Wheat

Oats

Shelled Corn

Grain Sorghum

*Rice

Barley

Soybeans

Grain
Moisture
Content
Per Cent

20
18
16

Recommended
Maximum
Depth of Grain
Feet

Recommended
Minimum
Air Flow
cfm/ct.i. ft.

8
10
12

2
1

8

3

11

2
1.5
1

3

25
20
18
16

12
16

25
20
18
16

6.5
10
12
.16

20
18
16

8
10.5
16

22
20
18

6
8
8

4

20
18
16

8
10
14

3

20
18
16

10
12
16

*Based on recommendations by Texas A & M University.
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Packing of the grain in a bin may cause 50 percent higher resistance to air flow than the values shown.
When foreign material is mixed with grain no specific correction can be recommended. However, it should be noted that resistance to air How is increased
if the foreign material is finer than the grain, and resistance to air 1low is decreased if the foreign material is coarser than the grain.
RBPBRBNCB: Resistance of Grains and Seeds to Air Flow, C. K. Shedd, AGRICULTURAL ENGINEERING, vol. 34, September, 1953.
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the depth of seed are known. Consider one square foot of floor area
in the bin: since the seed are 9 feet deep, each square foot of floor
area is supporting a column of seed one foot square and 9 feet high
with a volume of 9 cubic feet. The total bushels of seed above each
square foot of floor area can be obtained by the general formula: cfm/
sq. ft. = depth of grain X desired cfm/bu. XO. 8.
Substituting in the formula for our example, we have: cfm/sq.
ft.= 9 X 3 X 0.8 = 21.6 cfm/sq. ft. air flow rate.
Referring to Figure 2, locate 21. 6 on the vertical scale. Read
across horizontally from this point to intersect the curved line labeled
shelled corn ( at point "A" ) . . From point "A" extend a vertical line
down to intersect the horizontal scale at 0.18. This is the pressure
drop per foot of depth. The total pressure drop through the seed would
be: 0.18 X 9 = 1. 62 inches static pressure.
There is also a pressure loss due to resistance of the air duct
and perforated floor. An allowance of 0. 25 inch is usually sufficient
for the duct and floor loss. The total static pressure is the sum of:
1. 62 + 0. 25 = 1. 87 inches static pressure.
III. A hypothetical fan manufacturer's performance data for different
models of fans are shown in Table 3. The chart shows the volume
of air that different size fans will deliver against various static
pressures. A similar chart from an actual potential supplier should
be used to select a fan that will satisfy minimum requirements of
7 5 00 cfm at 1. 87 inches static pres sure.
To select the proper fan size, read across the top line (Table
3) to the required sta tic pres sure. Since the table does not list
1. 87 inch sta tic pressure, use the next higher figure in the adjacent column which is 2 inches static pressure. Read.down this
column to the Cfm rating closest to 7500- in our case it is 7650.
Reading horizontally to the left, we find that the Model "D" fan
would have the required capa city. This is the size fan that should
be purcha sed.

TABLE 3. VOLUME OF DRYING FAN OPERATING AT DIFFERENT STATIC PRESSURES

Static Pressure (inches of water)
Fan
Size

Horse
Power

•5

1. 0

-

1.5

2.0

2.5

3.0

Cubic Feet Per Minute
Model A

16"

1 1/2

3500

3200

2975

2400

1850

1400

3

6600

6100

5700

5100

4700

4000

3

8150

7400

6600

5900

5200

4600

5

9300

8800

8100

7650

7000

7200

5

122 00

11300

10700

10000

9000

8100

Model B

18"
Model C

21"
Model D

21"
ModelE

24"

Note: These are hypothetical data.
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SYSTEMS FOR CONTROLLING RELATIVE HUMIDITY AND TEMPERATURE

lj
James M. Beck-

The general requirement for good seed storage is a, dry and cool
environment. Seed operations located in climatic areas with high
temperatures and relative humidities must have some system for controlling both the relative humidity and the temperature of the air inside
seed storage rooms. Sealed storage (vapor proof containers) has been
used for many years in the vegetable seed industry; however two
factors have limited the use of this method for storage of field crop
seeds: (1) the cost of vapor proof containers and (2) the moisture
content of the seed must be 2- 3% lower than that normally considered
safe for seed packaged in non-moisture proof containers.
I

I

Before considering several systems that can be installed to
maintain low relative humidities and temperatures let us consider the
basic requirements. First a structure must be provided that will keep
infiltration of moisture and heat to a minimum; second there must be
some means for dehumidification (removing moisture from the air); and
third there usually must be some provision made for lowering the
temperature of the air.
1

I

1

1

STORAGE ROOM CONSTRUCTION
The question of how to build a good seed storage room becomes
a question of what is the best way to construct a "large container" and
make it as air tight as possible. This is necessary in order to keep
the initial cost and the operating expense of the dehumidifying and cooling equipment at a minimum.
For: maintatnihg' l_owchumidity it is essential that adequate vapor
barriers be included in the construction and that they be installed with
the greatest of care making sure that all joints are properly sealed .
Thermal insulation requirements will vary with g eographic location.
I

Obviously the size of the storage area should not be large r than
absolutely necessary. If seeds are to be sto red in a large warehouse it
is more economical to condition onl y a small portion of the warehouse
rather than to attempt to dehumidify and cool the entire structure.
1

I

l/

Mr. Beck is Engineer Technician Seed Technology Laboratory
Mississippi State University. (orig i nally presented during the 1969
short course)
I

I

DEHUMIDIFICATION
Generally speaking there are two major categories of dehumidifiers:
refrigeration-type and chemical or absorption-type .
I

Refrigeration-type:
The refrigeration-type dehumidifier operates by drawing warm
moist air over a metal coil through which a refrigerant such as Freon is
circulated. A part of the atmospheric moisture condenses on this cooling coil and is collected in a pan or bucket or is drained off . The cooled
air coming from over the coil whi ch now has a low tempe rature and
a high relative humidity is reheated by the condenser coil of the refrigeration s ystem; thus rai s ing the temperature and lowering the relative humidity.
The water removal capacit y of this type of s ystem i s dependent
on the difference i n temperature between the entering air and the cooling
coil. While these units are quite effective at high t emperatures they
lose efficienc y below 70°F. or 50% relative humidity. Heat from the
electric motors that drive the compre ssor and fans add sensible heat
to the atmosphere .
I

Absorption-type:
The absorption-type dehumidifier opera tes b y drawing moist air
over a solid drying agent ( desiccant) which has the a bil ity to extract
a nd retain moisture on its surface by a phenomenon known a s absorption
The air is filtered and dried to a very low dew point in th e pro cess and
the desiccant is periodically regenerated b y means of heated ou tside
air which vaporizes the moisture and dispels it to the outsid e of t he
conditioned space. Continuous operation of t hese machines is achieved
by either using two desiccant beds whi ch switch back a nd fo rth a utomatically or b y using rota ting b e ds of desicca n t a portion of which is
always dehumidifying the air while the remai nder is be i ng regenerated.
11

I

I

I

1

Desiccant dehumi difiers provide maximum ~fficienc y at low
temperatures and a re able to maintain consta nt relative humiditie s even
below l 0% . A factor that should not be overlooked i s that heat is
a dded to th e c ontrolled atmosphe re even though t he unit i s pl ac ed ou tside the storage room. The latent heat of vaporizatiion of t he moisture
that is removed is converted to sens ible he at. The re i s a ls o a cer t a in
amount of residual h e a t left in t h e desiccant afte r r eactivation which
increases the air temperature.
I

11 •
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Heat Removal:
Since an excessive heat build-up will usually be experienced
when either type dehumidifier is used alone to reduce the relative
humidity in a seed storage room, let us consider several means of
removing this heat. The most common and familiar method is by
using a refrigeration-type air conditioner, which can also be used
to "dehumidify". It operated in a manner similar to the refrigerant
dehumidifiers except that it has a larger cooling coil area and
provides air or water cooling of the condenser coils.
Water after-coolers can be used with a desiccant type
dehumidifier if the sensible heat load of the storage room is not
excessive and a supply of cool water is available. Pre-cooling
and after-cooling coils that are cooled by a refrigeration system
is a most efficient way of removing large amounts of moisture with
a desiccant dehumidifier. At temperatures below 5 0°F. , silica
gel will remove nearly 90% of the moist ure from the air stream.
At 100% F. this removal ratio is only about 50%.
Depending upon the temperat ure , relative humidity requirement, the moisture, and sensible heat load, one method or
s y stem is usually more efficient t han ano ther. Therefore, let us
consider eight possible systems for maintaining the requir.ed
temperature arid relative humidit y in a conditioned seed storage
facility.

DEHUMIDIFICATION SYSTEM , TYPE I
As shown in the first illustration, a re fr ige ration-type
dehumidifier is placed inside the condition ed space. This selfcontained unit consists of the following components : refrigeration
compressor, motor and fans, evaporator and condenser coils. The
air inside the room is recirculated through the unit until the set
relative humidity is reached and a humidity control switch in the
electrical circuit shuts oH ·the· unit . The humidistat will automatically turn the unit on again when the moisture content of the air
begins to increase due to infiltration or mov e ment of moisture from
the storage product or from other moisture sources inside the room.
This system can be used satisfactoril y only in locations where
temperature control is not necessary; that i s , where the sensible
heat increase does not raise the air temp erature abov e safe
limits.
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SYSTEM

,

1.
2.

CONDITIONED SPACE
AIR RECIRCULATED

CO~lPONEtHS

COMPRESSOR
MOTOR AND FANS

3,

EVAPORATOR COIL

4.

CONDENSER COIL

r
WARM DEHUMIDIFIED AIR

DEHUMIDIFICATION SYSTEM, TYPE I

SYSTH1

CONDITIONED SPACE

C0~1PON ENTS

1.

DESICCANT

2.

HEATER COILS

3. BLQijER
4, REACTIVATI ON BLOWER

AIR RECIRCULATED
MOI ST AIR

WARM DEHUMIDIFI ED AIR

DEHUMIDIFI CATION SYSTEM, TYPE II
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DEHUMIDIFICATION SYSTEM

1

TYPE II

The second illustration shows a desiccant dehumidifier
located outside the conditioned space ·. This self-contained desiccant
unit has the following components: desiccant (usuall y silica gel)
heater coils, conditioned air blower and reactivation blower. The
air in the conditioned space, through a closed system, is recirculated through the unit until the set relative humidity is reached. A
humidistat, located inside the conditioned space, controls the running of the conditioned air blower. Most desiccant dehumidifiers
are wired so that the reactivation cycle continues even though the
conditioned air blower stops. This is desirable only when the unit
must run most of the time to maintain the relative humidity in the
conditioned space; otherwise, the result is excessive heat and
expense. By having the reactivation heaters and fan wired to shut
off when the conditioned air blower shuts off, and by locating the
machine outside the conditioned space , the heat buildup can be
kept to a minimum.
I

DEHUMIDIFICATION AND COOLING SYSTEM 1 TYPE III
A conventional type air conditioner can be used to maintain
temperature and relative humidity when the reduction of temperature
is necess a ry for control of the sensible heat load. As s hown in the
third illustration, onl y the evaporator section of the re frigeration
unit is placed ins ide the c onditioned space. The a ir within the
conditioned space is recircul ated over the cold evaporator c oil,
where moisture is condensed out. Outside air is drawn over the
condenser coils releasing the transferred heat to the atmosphere.
The unit is controlled by a thermostat that shuts the compressor
off when the temperature of the inside air is reduced to t he set
condition. Since moisture i s condensed o ut only w hen t he room
tempera ture is not s a tis fi ed , sizing of the a ir conditione r f~?r the
sensible heat load becomes critical. The compressor must run to
keep the evapora tor coils cold if dehumidification is to b e accomplished. To maintain a more consta nt rel a tive humidit y c ondition,
e lectric heater strips are sometimes used to a dd heat to the a i r
which will keep the unit running for longer periods. If these
heater strips are connected thru a humidistat, they can be turned
on and off automatically as the humidit y inside the conditioned
spac e chq.nges.
DEHUMIDIFICATION AND C OOLIN:; SYSTEM

1

TYPE IV

The system shown in the fourth illustra tion cons i sts of a
desiccant dehumidifier with a w ater after-cooler. The water
cooler is used to reduce the air tem p erature a s it le aves the
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SYSTEM COMPONENTS

CONDITIONED SPACE
AIR RECIRCULATED

1.
2,
3,
4,

CoMPRESSOR
MOTOR AND FANS
EVAPORATOR COIL
CONDENSER COIL

1
'

COLD DEHUMIDIFIED AIR

J

DEHUMIDIFICATION AND COOLING SYSTEM. TYPE III

SYSTEM COMPONENTS

CONDITIONED SPACE

I'

1. DESICCANT DEHUMIDIFIER
2. WATER AFTER - COOLER

AIR RECIRCULATED
MOIST AIR

\

REACTIVATION

COLD DEHUMIDIFIED AIR

.DEHUMIDIFICATION AND COOLING SYSTEM. TYPE IV

. . MOIST AIR
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D

OUTSIDE AIR

CONDITIONED SPACE
AIR RECIRCULATED

I

SYSTEM COMPONENTS
1. DESICCANT DEHUMIDIFIER

2. PRE-COOLING COIL
3. AFTER-COOLING COIL

4.

REFRIGERATION UN IT

MOIST AIR

COLD

DEHUI~IDIFIED

AIR

DEHUMIDIFIUTION AND COOLING SYSTEM, TYPE V

SYSTEM COMPONENTS
1.

CONDITIONED SPACE
AIR RECIRCULATED

WARM DEHUMIDI FIED AI R

~

!

~ lfl~ll ;"""
DEHUMIDIFICATION AND COOLING SYSTEM, TYPE VI

REFRIGERATION TYPE DEHUMIDI FIER

2. SELF-CONTAINER REFRIGERATION UNIT

1"60

desiccant dehumidifier. The size of the after-cooler coil and the
quantity and temperature of the water that passes through the coil
will determine the amount of heat that can be removed. This system
is very effective for maintaining low humidities and temperatures in
the range of 5-l 0 degrees above the water temperature. A magnetic
valve can be used in the water supply system to automatically regulate
the water flow thus keeping the air temperature within set limits.
1

DEHUMIDIFICATION AND COOLING SYSTEM

1

TYPE V

The fifth illustration shows a high moisture removal system
that utilizes a refrigeration unit in conjunction with a desiccant
dehumidifier. Cooling for a pre-cooling coil and an after-cooling
coil is provided by the refrigeration system. Since silica gel can
remove nearly 90% of the moisture from air at a temperature below
50°F. the air tn the conditioned space is first cooled by passing
through the pre-cooling coil before contacting the desiccant in the
dehumidifier. In the process of absorption latent heat of condensation is converted into sensible heat. Because this sensible heat
increase may increase the air temperature as much as 5 0°F. the
after-cooling coil is necessary to reduce the temperature to safe
limits. With automatic controls the temperature of both cooling
coils can be regulated thus making it possible to maintain low
humidities and temperatures inside the conditioned space to close
tolerances · under a wide range of load conditions.
1

1

I

DEHUMIDIFICATION AND COOLING SYSTEM 1 TYPE VI
A simple system for cortrolling the temperature inside a
conditioned space while removing large quantities of moisture at
higher temperatures is shown in the sixth illustration. A serfcontained refrigeration type dehumidifier located inside the conditioned space to remove the moisture from the a ir is controlled by
a humidistat. The sensible heat load is handled by a refrige ration unit
that transfers the heat to the outside atmosphere. The air temperature inside the conditioned spa ce is kept within set limits by a
thermostat that turns the refrigeration compressor on and off. Of
course this type system looses effd.ciency at tempe rature s below
7 0°F. and rel a tive humidities below 50% .
DEHUMIDIFICATION AND COOLING SYSTEM 1 TYPE VII
A dual system a s shown in illus tration 7 can be designed
to mainta in low humidities and low temperatures in the conditioned
space over a wide r a nge of loa d conditions .
I

1
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SYSTEMCOMPONENTS
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1.
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DEHUMIDIFICATION AND COOLING SYSTEft TYPE VI I

SYSTEM COMPONENTS

CONDITIONED SPACE

1.
2.

REMOTE REFRI GERATION UNIT
EVAPORATOR

3. HOT GAS DEFROST SYSTEM

t

COLD DEHUMIDIFIED AIR

.._

HEATED AIR

~AIR RECIRCULATED~
OUTSIDE AIR

DEHUMIDIFI CAT ION AND COOLING SYSW1. TYPE VIII

The refrigeration systems will dehumidify (within limits of
design) as well as cool the air. It works independently of the
desiccant unit; however, in normal operation the two systems complement each other. The desiccant dehumidifier has a much
higher moisture removal capacity by having cold moist air entering
the machine. Under extreme load conditions, the air temperature
leaving the unit could be high enough to pick up sufficient moisture
before entering the evaporator that a certain amount of water would
be condensed out on the cold coils.
Since either system can lower the humidity to a certain extent,
this dual system offers a safety factor in case of mechanical failure.
DEHUMIDIFICATION AND COOLING SYSTEM , TYPE VIII
A me chanical refrigeration s ystem, as shown in illustration
8 , can be designed to maintain low humidities as well as low
temperatures inside a conditio ned space . Since the evaporator coil
temperature must be below the dew point of the conditioned air at
low temperatures and relativ e hu miditi es, the moisture that condenses
out will freeze, form i ng i ce on the coil s . Some provision must be
made to melt this ice a nd remove i t as w ater from the conditioned space.
In the illustration , a hot gas defrost system is shown . By use of a
time clock, hot discharge gas fro m the refrig eration compress or is
directed through the evaporator coil at reg ular intervals.
It should be pointed o u t tha t a refrigeration s ystem that will

function well at temperatures below 70° F. a nd 50% relative humdit y
is not composed of standard "comfort" or "co ld storage" refri geration
components-humidity control mtrSt b e built into the coil design and
other components of the s ys tem .

163
SEED HANDLING - EFFICIENCY, CONTAMINATION AND DAMAGE
James M. Beck.!../
Efficient seed handling requires application of knowledge
gained by experience and constant research . Individual seed handling
requirements vary widely, but there are several points that should never
be overlooked. Seed handling systems must: (l) utilize methods and
equipment adequate to complete operations on time, (2) maintain seed
quality by preventing contamination and mechanical injury and (3) keep
the unit cost of handling seeds low enough to be competitive. Fast.
Gentle . Economical. Match t he se features with flexibility and easy
clean-out and your seed handling problems have been solved 1
Mechanical mixing and contamination often occur before seeds
reach the processing plant, but let us assume that each bag or lot of
seed entering the plant is properly labeled so that its identity can be
maintained. It then must be recognized that the IDENTITY OF EACH
CONTAINER OR LOT OF SEED MUST BE MAINTAINED FROM THE TIME IT
ENTERS THE PLANT UNTIL IT IS PlANTED.
Since contamination and seed handling are the two most serious
problems encountered in moving seed through a seed processing system,
perhaps we should first identify the differ ent areas. The following are
usually included in a seed processing s y stem: (l) drying, (2) receiving,
(3) conditi oning and precleaning , (4) cleaning, (5) separating and
upgrading , (6) treating and bagging and (7) storage and shipping. In the
past 20 years all the elements in seed handlin g in these areas have been
covered quite comprehensively . You will find many articles by competent
authroities in Proceedings of previous Short Courses . I will devote my
time t o a single area, DRYING, and introduc e you to a new method of
emptying flat b ottom bins that could be utilized to prevent mechanical
damage caused by conventional methods and simplify clean up between
lots that often result in contamination problems .
For the past 10 years - I joined the Seed Technology La bora tory
Staff in 19 6 1 - I know that you ha ve been coming to this annua l meetin g ,
and other times during the year , se eking better answ ers to your seed
problems and sharing withal! of us information and id eas that you hav e
found profitable . IT IS THIS SHARING OF INFORMATION AND IDEAS THAT
HAS MAPE OUR PROGRAM SUC CESSFUL.

l l Mr. Beck is Engineer Technician , Seed Technology Laboratory,
M is sissippi State University.
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l. Sawston bin top panel
2 . Sawston bin intermediate panel
3 • Sawston bin bottom
panel
4. Sawston bin corner
post
5 • Airpack base panel
6. Airpack base corner
post
7 • Airsweep self
emptying and ventilating floor
8. Independent built in
sheet steel air duct
9. High capacity corn
outlet chute to floor
level conveyor or
auger

Figure2

Standard
Sawston
Bin

Figure 1

Figure 3
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The scope of activities in which the Seed Technology Laboratory
is engaged has taken our staff to many areas of the world. Just two weeks
ago I was able to arrange a stop-over in London after a two month assignment in the Philippines. As a result of this experience I am privileged
to introduce you to AIRSWEEP, a new system for unloading flat bottomed
storage and drying bins.
AIRSWEEP FLOORING - invented, developed, patented and manufactured by Simplex of Cambridge _can be fitted to any flat bottomed
aeration , storage or drying bin to:
(a) Provide an efficient ventilating floor for drying and conditioning
of seed.
(b) Make the bins completely self-emptying with minimum space
requirement.
(c) Reduce mechanical injury and contamination problems by
eliminating in-bin mechanical unloading devices.
Figure 1 illustrates a standard Sawston storage bin with a builton base incorporating an AIRSWEEP self-emptying and conditioning
floor, air ducting, air control doors and grain outlet chute, all for installation on a flat floor. Bins can be arranged in banks or nests to make the
best use of available space and to provide completely self-contained
storage . These units can be used to slow dry or condition bulk stored
seed and they are fully self emptying.
Figure 2 shows the actual perforations in the AIRSWEEP metal
flooring. The apertures of this mesh flooring mu st be pointing in the
direction of grain travel. Figure 1 shows the grain t ravel from the back
of the bin toward the front and the cross pieces at the bin front direct
the grain toward the outlet in the center of the front bin wall.
You must remember tha t efficient operation of an AIRSWEEP floor
is entirely dependent upon the correct design and installation of th e
supporting framework and the provision of an adeq uate supply of air.
The following are essential requirements:
The support joists for the Airsweep sheet s must all run in
the direction of grain travel and be 1 foot apart. The width of the
top face of the joists must not exceed 2 inches.
(1)

(2) The joists must be supported clear of the floor to allow free
air circulation underneath. The gap between the joists and the
concrete floor must be at least 9 inches .

Figure 1 from Simplex of Cambridge brochure .
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(3) The air inlet must be positioned to give the most even air
distribution and a central position is preferable If air is supplied
from a pressurized conveyor tunnel , two air inlets per bin must be
used .
0

(4) The air inlet must be of adequate size - a minimum of 1 square
foot inlet area to 30 square feet floor area is recommended.
(5) The Airs weep mesh must be laid smooth side up with the
aperture pointing in the direction of grain travel , With rectangular
bins 2 feet wide cross pieces will be required at the bin front to
direct the grain towards the outlet
0

(6) The floor must be securely fastened down
two tons are possible with large fans

0

Upthrusts of up to

0

(7) A minimum air volume of 100 c.f.m . per square foot of floor
area is essential . The fan must be capable of delivering the
total volume required on this basis at 4 inches swg
0

Figure 3 shows AIRSWEEP flooring being used to empty seed from
a 2 ft . by 2 ft. drying bin that is now a component of a model drier that
was designed and constructed by the author .
Since AIRSWEEP is a patented* device and because the Seed
Technology Laborabry has not determined the efficiency nor the limitations
of application of this type bin flooring for full scale seed drying and
storage facilities , inquiries for further information should be directed to:

J . K.Eo Robinson
Export Sales Manager
Simplex of Cambridge Limited
Saws ton , Cambridge (England)

*Patented by Simplex of Cambridge Limited
Patent Nos . 1115224 and 1125273

0
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SEED PROCESSING OPERATIONS - MANAGEMENT
A. H. Boyd and G. M. Dougherty_!/

Man has been able to survive in his present numbers and state of
well-being only by developing a highly o~ganized system whereby individuals can specialize in production of go6ds or services ~.ml exchange them
for other goods and/or services he wants or needs. We' as seedsmen are an
example of this . There are even numerous specialties within the realm of
seed technology. Each of us have our own niche to fill and the very fact
that we are gathered here this afternoon is visible proof of our determination to fill our place more competently more completely and if possible
more profitably.
1

1

1

Our specific line of interest is seed processing operations. It is
very difficult to consider seed processing in the traditional sense of "all
processes from bulk storage of the dry seed to the bagged seed." Operations have grown in size and complexity so that processing must be considered in all planning phases of the seed company.
We must condition our thinking to the "System Concept" of processing operations . This concept should have as its objective the produc;..
tion of ma x imum seed quality consistent with practical economic inputs
and outputs. This approach does not necessarily mean highly sophisticated
automatic controls and large complicated machines. Neither does it mean.
pretentious buildings and empire-like organizations . Any seedsman no
matter how small needs to consider the system to syncronize the many jobs
into as smooth an operation as possible .
Trends of processing operations as we have seen them
1. Volume is increasing and seedsmen are tendi n g to become more specialized in few crops often only one or two .
I

2. At the same time the increase in adapted vari eties has forced many to
handle several varieties of that crop with all the problems in
storage inventory etc . that this br ings on .
I

3.

1

1

Custom cleaning plants are tending more towa rd the production contracting route as farmers save less of their ow n seed and individual
seed growers specialize.

l l Staff members Seed Technology Laboratory paper pres e nted at 1971 Short
1

Course for Seedsmen

1

STL

1

Miss. State Univer sity by Mr. Boyd.
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4. Special processing problems and competition force the processor to become more skillful in solving individual processing problems and
operation of the processing system.
Decisions to be made in evaluating the system and planning operations
Seedsmen make many management decisions routinely. The principal,differences he is finding today is that he must calculate everything
more closely and have more and better information on which to base
decisions to get maximum capacities from equipment and optimum production
per worker.
As we emphasize the systems concept, let ' s not overcomplicate
the problem. Most seed processing plants are really relatively simple
operations. Keep the problems in perspective and attack them in manageable steps. I have never seen a seed processing machine that required a
genius for an operator .
Most often the problems we find troublesome are problems because
we assume the old way we have been doing things is either the best or
the only way we can operate . The emphasis we place on a reas for maximum effort can strongly affect the kinds of problems we can expect. At a
recent seedsmen ' s short course a representative of the state seed certification agnecy commented that his agency is approving fields with certain
weeds present expecting the processing plant to remove the undesirable
seeds. His reasoning was that with the high cost of labor it will be
cheaper to do the job by processing than to pay for better weed control in
the field.
Let us enumerate a few of the pros and cons of maximum emphasis
on clean fields as opposed to ma x imum effort in the processing plant .
Maximum emphasis in the field :
Problems :
1.
2
3
4.
5o
o

o

Mor e labor
More supervision
C lo ser s e lections of fi elds
Closer selections of Producers
Possibly higher prices to the contractor

Advanta g es :
6 . Hi g her yi e lds
7 . Better harvesting efficiency
8 . Less drying problems

OUTPUTS

INPUTS
...;::::;.

...::::..
.-

Manpower
Equipment
Money
Plans

~

Processing System

Capacity
Purity
Vigor
Profit

lj.
Corrective
Action

I

Correction
Process

'rDetection

,..,._
~

Feedback of
Information

of
Deviation
from
Standards

-

THE PROCESS OF CONTROL

.......
(j)

<.D
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9. Less waste handling
10 . Mor e processing capacity/$ investment
ll . Possibly fewer pieces of equipment in the processing line.
Maximum emphasis in processing :
Problems :
1.
2.
3.
4.
5.
6.

More time spent in quality evaluation at deli v ery
Makes consolidation of small lots risky
Cleanout loss greater {must lose some good seed to get out bad)
Requires more skill in operating the plant
More salvage and waste handling problems
Lower capacity for a given size machine

Advantages :
7 . Low value lots of seed can often be up- graded to saleable
quality .
8 . Labor may be in more abundant supply during the processing
season than during the growing season .
9 . Current trend in restrictions on chemicals may dictate greater
use of processing to solve weed seed problems .
Throughout all our system we must maintain the thread of control
to assure that the results of operations conform as closely as possible to
our goals . We must have quality control as well as production and cost
control and these are as essential to the small seedsman as to the large
company.
Basic Elements of Control
1

o

Set our standar ds of perfor mance of each phase of the opera -

tions.
2 . Compa r e act ual re s ults with our sta nda r ds (qua lit y t ests ,
production r ecor ds , etc . )
3 . Tak e corrective action o
Regard l ess of w ha t we control the same thr ee e l ements will be
involved .
If we maint ain good control and continue to raise our standards of

performances as we become mor e proficient with our o perating skills we
should still be successful s eedsmen when we r eturn to reminisce after
the second 20 years .

NEW PlANT CONSTRUCTION
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Duane W. Tyler 1/
For the purpose of getting to the main subject of this address, I shall not
go into any basic needs for a new processing plant. Nor will we discuss
the economic values to be considered prior to formulating plans to build
such a plant. It is appropriate to say, however, that a great deal of
thought should be given to the most desirable location of any industrial
type plant.
We have often been asked, "What will a new seed plant cost?" The
answer is a fielder's choice. True, there are many standards to seed
plant requirements • . Rarely , however, is there an accepted standard
plant. The design of a seed, grain, corn, bean, or specialized plant
depends strictly on what the owner wants the plant to be able to do.
As a guide to formulating plans for a new plant, I have found the following check list of questions of great help. These are in three categories.
TYPE PlANT
l.
2.
3.
4.
5.
6.

Commodities to be processed.
Size seed lots and total quantity of each.
Types or varieties.
Expected foreign material or other crop seeds to be removed.
Approximate percentages of contaminants or foreign materials.
Type of treating or inoculating , if required.

OPERATION
l. Length of production season .
2. Working hours per day.
3. Days operation per w eek.
4. Size working force.
FACILITIES
l. Receiving methods and quantity of ea c h in bulk or bag.
2 . Storage facilities - existing or required for incoming seed.
3. Needed type, size and number of in -process bins, including
bulk holding of clean seed .
4. Number and size of bins a head of bagging.
5. Speed of bagging operation or ba g s per minute .
6. Method of movement of finished seed from the bagging operation.

l l Mr. Tyler is Vice-President for Sales of the A . T . Ferrell
Saginaw, Michigan.

& Company,
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Some of the questiors may be difficult to answer at first, but nevertheless,
they should be considered carefully.
Once the type and scope of the plant is established; the size and type of
equipment needed can be determined and listed. At this point, consideration needs to be given to possible ways to expand, if needs later call
for it. Also, because of constant changes in crops, allowance should
be made for auxiliary or reclaiming type cleaning machines.
At least allow some space in the new plant for possible changes in the
process.
It is common knowledge that too often the physical space in many plants
is the limitation to needed changes or expansion. It is not wise to waste

space, thus a plant should be efficiently planned from the out-set.
The next phase in planning for your new facility is to make a rough flow
diagram of all equipment, bins, and general facilities within the operation.
I shall later refer to types of plant flows and how complete and helpful
these can be.
Any initial flow diagram need not be complicated in order to b e extremely
useful. This is certainly an inexpensive yet positive way to visualize
each stop or phase of a system.
After the flow is finalized, the next phase of planning is to estimate costs.
Quite accurate estimates of plant size, shape, number of floors, number
of elevators, and even cost estimate can be made from a complete flow
diagram.
If, at this point, costs fi g ure to be greater than antici pat ed , you mus t
try to pin down what you can afford to cut out.

Weigh carefully , costs of any equipment or feature eliminated .
Some will think if smaller cleaning machines are used, sa y 5 0% smaller,
that this will appreciably reduce overall costs. This is far from true.
As an example, a seed corn plant I d e s igned for a large c ompany was
figured for 140 bu. / hr. At the outset, we knew that in two y ears production would likely be increased to 300 bu. / hr. Therefore, we anticipated
what equipment costs would be involved. Th e c osts were l es s than
$10,000.
T he point is - the ori ginal plans were a dapted for ord e rl y ex pansion.
These changes were made two years later, precisel y as plann ed .
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There are various formulas used to estimate plant costs. Such examples
might be:
Concrete in place . . . . . . . • $50 to $55 per yd.
Concrete for large pits. .
.$60 to $75 per yd.
and deep footings
Steel buildings erection.
. 7¢ to 8¢ per lb.
Steel tanks - approximately. . . 6¢ to 8¢ per lb.
Machinery installation . . . . . . 2 5% to 35% of equipment costs
Steel h.i11s or hoppers
(ll ga. metal)
. 55¢ per lb. to build
with hand slide gate
Dust suction systems with
cyclone collector . .
. $1.00 per c.f.m. installed
I

These estimates of course are g eneral and will vary depending upon
working conditions weather space around new structure and area
labor costs .
1

1

I

I

Using such e stimates of installation expense can give a reasonably
c los e overall c ost es timate to which you should add som e safety factors.
If such an estimate is initially ma de then a tentative decision or commitment of financing can be made prior to further expenses of finalized plans.
I

Equipment currentl y ava i lable for s eed pla nts offer improved labor saving
benefits and flexibility to an operation.
But - a word of ca utio n here - - - very few theories of seed processing
have not been tried b y someone somewhere a t some time . The best
protection a gainst bu ilding a "White Elephant" is to consult wit h people
or firms who can give you firm a nd accurat e a nswers.
I

I
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REGISTRATION LIST
1971 SEEDSMEN'S SHORT COURSE

ALABAMA
Gurnia Moore
Alabama State Department
Box 220
Montgomery, ALA 36101
William H. Oswalt
Fayette Seed Company
Fayette, Alabama
ARIZONA
Bob Feffer
Delinting and Seed Treating Co.
Pho enix , Arizona
Ronald Rice
Northrup, King & Co.
Box 391
Yuma, Arizona
Paul Miller
Eloy,
Arizona
ARKANSAS
Calvin C oker
Bancroft Bag Co.
Pine Bluff, Arkansas
David Hickman
Rex S e ed C ompany
Parkin, Arkansas 7 2373
Stev e Wilson
Lee Wilson & C o.
Wilson, Arkansas 7 2395

Purl E. Partello
Olin Corporation
Box 991
Little Rock, ARK 72 203
Sid Stephens
Southeast Dist. Inc.
5 611 Big Oak Lane
Little Rock, ARK 72209
Frank Walton
Riceland Foods
Box 927
Stuttgart, ARK 72160
Mrs. Frank Walton
Riceland Foods
Box 927
Stuttgart, ARK 72160
Wendell Stratton
Riceland Seed Company
Box 32
Stuttgart, ARK 72160
Mr. W. H. Sims
Route 1
Bentonvi ll e, ARK 72712
Mrs. W. H. Sims
Route 1
Bentonville , ARK 72 712
CA LIFORNIA
Alvin T. Aggen
Mitchell-Ventura C o., Inc.
Box 10 69
Oxnard , CAL 93030
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CALIFORNIA (CONT'D)

FLORIDA

David Ralls
Delta and Pine Land Co .
Brawley, CAL

David Wurst
Florida Seed & Feed Co.
Box 1120
Ocala, Florida 32670

Mrs. David Ralls
Delta and Pine Land Co .
BraVVLley, CAL
B. D . Frazier
Niagara Seeds
Box 3 091
Modesto, CAL 953 50
James Harrington
Department of Vegetable Crops
University of Cal. at Da vis
Davis, CAL~
95616
Marvin Rouhotas
Marvin Seed, Inc.
Box 1068
El Centro, CAL 92243
David Gage
J. G. Boswell Co.
510 S. Sprin g Street
Los An g eles, CAL 90013
Greg Faulk
Mc Cormick & Co ., Inc.
Schilling Div ision
1311 Schilling Place
Salinas, CAL 93901
C OLORADO
O liv e r Steel e
Oliver Mfg. C o.
Rocky Ford, Colorado

GEORGIA
Terry Hollifield
Georgia Crop Imp. Assn.
Whitehall Road
Athens, GA
Charlie Blackwell
Georgia Seed Development Comm .
Rt. 3
Athens, GA 30601
Michael P. Wolfe
Turner Sales & Supply, Inc.
Box 847
Tifton, GA 31794
Tom Rice
Greenwood Seed Co.
Box 890
Thomasville, GA 31792
Tom Waldrip
Eastern Tree Seed Lab
Box 8 19
Macon, GA 31 202
IDAHO
C harl e s F. Moell er
Asgrow Seed Com pan y
Box 123 5
Twin Falls, Idaho 83301
ILLINOIS

DELAWARE
T . C. Ryker
E. I . Dupont de Nemours & Co.
Wilmington , DEL 19898

0 . W . McDuffie
Bla ck Products Co.
C hicago, Illino is 60 62 7
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ILLINOIS (CONT'D)
R. G. Strang
Del Mon~e Corp . .
Midwest Division
Box 89
Rochelle, Illinois 61068
Mrs. R. G. Strang
Del Monte Corp.
Midwest Divis ion
Box 89
Rochelle, Illinois 61068
Harold S. Spencer
Southern States Coop. ·; Inc.
Box 429
Muncie, Illinois 61857

Willia)Jl Barnes
Funk Bros. Seed Company
1300 W. Washington Street
Bloomington Illinois 617 01
I

P. W. ·Burrows
Burrows Equipment Co.
1316 Sherman Avenue
Evanston, Illinois 60204 .
Mr. ·a nd Mrs _. George Keith
Illinois Crop Imp. Assn.
5 08 S. Broadway
Urbaz:1a, Illinois 61801
John WalleF. S. Services, Inc.
Seed C orn - . See<;! Grain ;Division
Piper City Illinois
1

Mr. and Mrs. James J. Gorman
Gorman Seed Service
R. F. D. 2 , Box 53
Wilmington, Illinois . 6 0481
James Lamb
Farme r City Grain Co.
2 01 We st North Street
Farmer City , Illinois 61 842
Lester D . Thorp
Thorp Seed Company
Rt . . 3
Clinton, Illinois 617 27
Carl E. Thorp
Thorp Seed C ompany
Rt. 3
Clinton, Illinois 61727 .

Bill Huey
Carthage,
Illinois
Mrs. Bill Huey
Carthage,
Illinois
Leo Windish
Windi sh.'Seed Ho use
301 Market Street
Galva, Illinois 61434
Mrs. Leo Windish
Windish Seed House
3 0 1 Market Street
Galva, Illinois 6 1434
INDIANA

Scott C. Harrold
Thorp Seed Company
Wapella~ Illinois
Clifford Davis
F S _Services, Inc.
Box 167
Ci sco, Illinois 61830

Charles Hendrix .
Indiana Crop Imp. Assn., Inc.
R • R . 6 , Box 2 5
Lafayette, IND 47905
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INDIANA (CONT'D)

KANSAS

Claude Butt
Indiana Crop Imp. Assn.
R • R • 6 , Box 2 5
Lafayette, IND 4 7905

Murland Taylor
Taylor Seed Company
Parsons, Kansas

I

Inc.

James Rayl
Indiana Crop Imp. Assn., Inc.
R. R. 6, Box 25
Lafayette, IND 47905
David Holacher
Indiana Crop Imp. Assn.
R. R. 6, Box 25
Lafayette, IND 4 7905

I

John C. Leonard
Agway, Inc.
Box 418
Plymouth, IND 46564
Rex Hall
Trojan Seed Co.
Windfall, IND

Jim Anderson
Farmer's Hybrid Co., Inc.
1st & Bateman
Perry, Iowa 50220
Mrs. Jim Anderson
Farmer's Hybrid Co. 1 Inc.
1st & Bateman
Perry, Iowa 50220
Wally Rein~rt
Trojan Seed Co.
Eldora , Iowa

Carl B. Overley
KSU
Manhatten, Kansas
Bill Matthews
ACCO Seed
Leoti, Kansas

Inc.
KENTUCKY
Hilton Williams
Lynn Grove Feed & Seed Co.
Box 7
Lynn Grove, Kentucky 42062
T. Wayne Still
KentuckyAg. Exp. Sta.
Div. of Reg . Services
Univ. of Kentucky
Lexington, Kentucky 4050 6
Mrs. T. Wayne Still
Kentucky Ag . Exp. Sta.
Div. of Reg. Services
Univ. of Kent ucky
Lexington, Kentucky 40506
Robert Lutturell
Pembroke Elevator and Seed Co.
Pembroke, Kentucky
Mrs. Robert Lutt urell
Pembrok e Eleva tor and Seed C o.
Pembroke, Kentucky
LOUISIANA

R. I. Richardson
ACCO Seed
Belmond, Iowa

John Terral
Terral-Norri s S eed Co .
Lake Providence , IA
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LOUISIANA (CONT'D)
Philip Farr
Terral-Norris Seed Co.
Lake Providence, lA
Roberto Gonzalez
Terral-Norris Seed Co.
Lake Providence, lA
Quintin Hartt
Alexandria Seed Co.
Alexandria, lA
John Meredit h
Southern Seedsmen' s Association
203 6 Line Avenue
Shreveport, lA 71104
Mrs. John Meredith
Southern Seedsmen's Association
2 03 6 Line Avenue
Shreveport , lA 71104

Fay Jack Durrant
Bancroft Bag Company
Box 307
West Monroe, lA
Robert Fletcher
Louisiana Seed Company
Box 1112
Alexandria, lA
H . J. Gremillion
Louisiana Seed Company
Box 11 .12
Alexandria, lA
MARYlAND
Richard Backora, Jr.
Hygrodynamics, Inc.
949 Selim Road
Silver Spring, MD 20910
MICHIGAN

E. B. "Sonny" Martin
Tyner Petrus C ompany
100 Trenton Street
West Monroe, lA 7 1291

Vergil Frevert
Crippen Mfg. C o., Inc.
Box 3 5 0
Alma, Michigan 48801

Mrs • E. B. Martin
Tyner Petrus Company
100 Trenton Street
W e st Monroe, lA 7 1291

Mrs. Vergil Frevert
Crippen Mfg. Co ., Inc.
Box 3 50
Alma, Michigan 4880 1

Thomas Burch
LSU Ag . Extension Service
Univ e rsity Station
Baton Rouge, lA 7 0803

Duane W . Tyler
A. T. Ferrell & C o.
1 621 Wheel er Street
Sa ginaw, Michigan 48 602

Alton Laborde
Louisiana Seed C o .
Box 1112
Alexandria, lA

Duan e Be ll
Mich . Fou ndation Seed Assn.
Box 466
East Lansing, Michigan
Mrs. Dua n e Bell
East Lansing ,
Mic higan
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MINNESOTA
Sheldon Johnson
Trojan Seed Company
Olivia, Minnesota 56277
George Durkot
Carter Day Company
65 5 )9th Avenue, N. E.
Minneapolis, Minnesota 5 5413

0. Peterson
Northrup, King & Co.
15 00 Jackson Street, N. E.
Minneapolis, Minnesota 55413
Howard Ka erwer, Jr.
Northrup, King & Co.
1500 Jackson Street, N .E.
Minneapolis, Minnesota 5 5413
William Acheson
Gustafson Mfg. Co., Inc.
6600 S. County Road
Hopkins, Minnesota
Roger Landers
Trojan Seed Company
Olivia, Minnesota 52677
MISSISSIPPI
Carl Williams
Bolivar Delinting Company
Shelby, Mississippi
Paul Lightbody
Miss is sippi Clark lift, Inc.
Box 617 2
Jackson , MS 39208
Mack Honea
Farmer 's Milling & Seed
Magnolia, MS 37652
C harl e s Smith
M . F . C . S erv ices
Jack son, MS

George Weeks
Stonewall Planting Company
Box 11
Thornton, MS 39172
Frank Burns
Burns Bro. Company
Rt. 2
Bogue Chitto, MS 39629
Harley Metcalfe III
Staple Cotton Services Assn.
Box 843
Greenville, Mississippi
H. M. Jordan
Jordan Wholesale
Box 867
Cleveland, MS 38732
Rex Rutland
Delta and Pine Land Co.
Box 153
Scott, Miss is sippi
Mr. and Mrs. Loren Leleaux
Delta and Pine Land Co.
Box 153
Scott, MS
Kennet h S. McLain
Delta and Pine Land
Box 245
Scott, MS 387 72
Herchel Price
Circle P Ranch
Laurel, Mississippi
Ben Lewis
Circle P Ranch
Laurel, Mississippi
George Henders on
D & H Farm Services
Rt. 1
Hayti, Mississippi
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NEW MEXICO

Ted Cheshire
La. Seed Co. of Miss.
Box 3101
Jackson, MS 39207

Terry L. Turner
New Mexico State Seed Lab.
Box 3190
Las Cruces, NM 88001

Lee Ulrich
Miss. Fed . Coop.
Jackson, MS

NEW YORK

Sammy Pepper
M. F. C • Services
Jackson, MS
Ray Parent
Miss. Clarklift Inc.
Box6172 ·
Jack s on , MS 39208
John Howell
Screw Conveyor
Winona, Mississippi
Garland F. Vaughan
Miss . Dept. of Agriculture
Box 1609
Jackson, MS 39205
MISSOURI
C harles J. Bla ck
MFA Seed Division
Marshall, MO 65340

James Mayer
First American Farms
New York City, New York
NORTH CAROLINA
Charles E. McSwain
C. E. McSwain & Sons
Rt. 1

Norwood, North Carolina
Foil McLaughlin
NC Crop Imp. Assn.
Box 5155
Raleigh, NC 27607
OKLAHOMA
James Henderson
Ross Machirery
65 01 Interpace Drive
Draw er 2 64 68
Ok lahoma C ity, OK 73126

Virgil Palmer
MFA Seed Division
Marshall, MO 65340

Mrs. James Henderson
Ross Machinery
6501 Int e rpace Drive
Draw e r 2 64 6 8
Oklahoma C ity, OK 731 2 6

Robert W. Sjolin
Rudy-Patrick Co.
1212 West 8th Street
Kansas City, MO 64101

Conrad L. Evans
Oklahoma Foundation Seed Stocks
Oklahoma State University
Stillwate r, OK 7 407 4

Gerald L. Dol e
Rudy-Patrick Co.
Kansas C ity, MO

Edward Granstaff
Oklahoma C rop Imp. Assn.
Stillwate r, OK 74074
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Harold W. Byrd
Byrd Seed Co.
Route 2
Salisaw, OK

Bill Wallace
Hagan Mfg. Co.
1598 Texas Street
Box 602 2
Memphis, Tennessee 38106
TEXAS

Mrs. Harold W. Byrd
Byrd Seed Co.
Route 2
Salisaw, OK
Mrs. 0 .H. Holman
Holman Seed Farms
Box 27
Collinsville, OK 7 42 01
PENNSYLVANIA
George S. Moyer
Bunge Corporation
Narbeth, Pennsylvania
Vincant Palau
Mercator Corp.
Reading, Pennsylvania
Joseph J. Beebe
Route4, Box226
Towanda, PA 1884 8

A l Rodriguez
Mandrel Industries, Inc.
69 09 S. W. Freeway
Houston, Texas
Marion Cross
Louisiana Seed C o.
Plainview, Texas
Danial Kreig
Texas Tech University
Lubbock, Texas
Mr. Billy Britt
Chevron Chemical · ~ompany
Da Uas ,, Texas': 7 523 0
Mr. ' anc;! Mrs. T. -c . Asbill
Harpool Seed, Inc.
Denton, Texas
John Stanford
Seed Co.
Waco, Texas 76710

·~Conlee

Mrs. Jo's eph J. Beebe
Route 4, Box 22 6
Towanda, PA 1884 8
TENNESSEE
David T. Dailey
Dupont C ompany
Memphis, Tennessee
Peter M. Abbott
Gumflat Rqad
Finl e y, Te nne ssee 38030

Warren Dulin
Agriculture Unlimited, Inc.
1920 Avenue E
Lubbock, Texas 79404
Don Stewart
Fas-Gro Seed, Inc.
Box 2624
Amarillo, Texas 79105
Mik e Rudd
Fas -Gro S ee ds~ Inc.
Box 2624
Amarillo, Texas
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TEXAS (CONT'D)
Javier Medina
Master Seed Co.
Drawer 2195
Brownsville, Texas
Reagan Jackson
Chevron Chanica ls Co.
Ortho Divis ion
Box 3012 7
Da lla s , Texas 7 52 3 0
Jerry Race
Delta and Pine Land Co.
Route 1, Box 42 8
Lubbock, Texas
Floyd McNeill
AC CO Seed
Box 1630
Plainview, Texas

John R. Holland
Chevron Chemical Co.
Or tho Division
Box 30127
Da lla s , T exa s 7 52 3 0
Brad Johnson
Garrison Seed & Co., Inc.
Box 92 7
Hereford, Texas 79045
Mrs. Brad, Johnson
Garrison Seed & Co., Inc.
Box 927
Hereford, Texas 79045
Cecil Ayers
Texas Tech
Lubbock, Texas
·w iSCONSIN

79072

Bill Shan non
AC CO Seed
Box 1630
Plainview, Texas 79072

Alan Tracy
Tracy & Son Farms, Inc.
R.R. 1
Jonesville, Wisconsin
CANADA

Ken Skarien
S e edsmen's Digest
1910 W. Olmos Drive
San Antonio, Texas 7 82 01

H. Koops
Ontario Seed Cleane rs & Dealers Co.
Brampton, Ontario , Canada

Mrs. Ken Skarien
1910 W. Olmos Drive
SanAntonio, Texas 78201

Mrs. H . Koo ps
Ontario S eed C lean e rs & Dealers Co.
Brampto n, Ontario, Canada

Don Catlett
Pionee r Sorg hum C o.
202 SE 4th
Plainview , T exa s 7 9 0 7 2

M EXI CO

Mrs. Don Catlett
P ioneer Sorg hum Co.
202 S E 4th
P lainview, Texas 79072

Ri ca rdo Lazo d e la Ve ga
And e rson, C layton & Co., S.A.
Aparta d o Po sta 1 16 53
G uadalajara M exico

184
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Mrs. Ricardo Lazo de la Vega
Anderson, Clayton & Co., S.A.
Apartado Postal 1653
Guadalajara, Mexico
ROMANIA
I. M. Pacurar
Instituto de Cercetari Dentu
C e rea le Si Plante Te ~hnice
Fund ulea, Romania
SWEDEN
Ing mar Andren
A - B Linde Maskiner
s 7 1100
Lin d es ber g , Sweden
VENEZUELA
Eduard o Lopez
Prod uctora De Sanillas C .A.
(Pros eca) Via Flor Amarillo
Val e nc ia, Venezue la

